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Executive summary
Retinopathy of prematurity (ROP) is one of the few causes of childhood visual disability, which is 
largely preventable. Many extremely preterm infants will develop some degree of ROP, although in 
the majority of cases this never progresses beyond mild disease which resolves spontaneously without 
treatment. A small proportion develop potentially severe ROP, which can be detected through retinal 
screening. If untreated, severe disease can result in visual impairment and, consequently, all infants at 
risk of sight-threatening ROP (ST-ROP) should be screened.

This evidence-based guideline for the screening of ROP was developed by a multidisciplinary 
guideline development group (GDG) of the Royal College of Paediatrics & Child Health (RCPCH). The 
guideline was produced according to the RCPCH standards for guideline development1. A separate 
guideline on the treatment of ROP has been developed by the Royal College of Ophthalmologists 
(RCOphth). 

The most significant change from the 2008 Guideline is that the gestational age screening criterion 
has been lowered to less than 31 weeks (i.e., up to and including 30 weeks and 6 days). The birth weight 
criterion of less than 1501g has not been changed. In addition, the guideline provides 25 evidence-
based recommendations and 15 good practice points. Recommendations are graded according 
to the strength of the evidence underpinning them. The service good practice points (GPP) are a 
consensus of the GDG. 

This guideline has been produced specifically for use within the UK and supersedes the previous 
guideline2. It will not be applicable in countries where more mature infants are at risk of ST-ROP3.

All the recommendations are included in this summary. The full guideline should be consulted for 
complete details of the guideline methodology in Appendices A, B, C and D. Appendix E presents an 
algorithm for ophthalmic criteria for screening and treatment and Appendix F presents a standardised 
sheet for recording screening examination results, while Appendix G presents suggestions for the role 
of an ROP coordinator and Appendix H provides a parent/carer information leaflet on screening for ROP.

All the documents are available on the websites of the RCPCH, the RCOphth and the British 
Association of Perinatal Medicine.

http://www.rcpch.ac.uk/ROP
http://www.rcophth.ac.uk/resources-listing/uk-retinopathy-of-prematurity-guideline/
https://www.bapm.org/
https://www.bapm.org/
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ROP Screening Recommendations 

Screening criteria

All infants less than 31 weeks’ gestational age (up to and including 30 weeks and 6 days) OR less 
than 1501g birth weight should be examined to screen for the presence of ROP (one criterion to 
be met for inclusion). [Evidence level: High (Grade: B)]

Time of first examination

For infants born before 31+0 weeks’ gestational age, the first ROP examination should be 
performed between 31+0 and 31+6 weeks’ postmenstrual age, or at 4 completed weeks’ 
postnatal age (28–34 days), whichever is later. [Evidence level: High (Grade: B)]

For infants born at and after 31+0 weeks’ gestational age with birthweight less than 1501g, the 
first ROP examination should be performed at 36 weeks’ postmenstrual age or 4 completed 
weeks’ postnatal age (28–34 days), whichever is sooner. [Evidence level: High (Grade: B)]

When to consider referral

Refer infants for treatment when the following criteria have been met: 

• zone I with plus disease and with any stage of ROP 

• zone I without plus disease but with stage 3 ROP

• zone II with plus disease and with stage 3 ROP (zone II stage 2 with plus disease is 
borderline for treatment and may be treated or re-examined in one week or less).

 (note: plus disease should be present in at least two quadrants).

Discuss with treating ophthalmologist when referral-warranted ROP is present: 

• any pre-plus or plus disease in two or more quadrants in any zone

• any zone I or posterior zone II disease

• any stage 3 disease in any zone. [Evidence level: High (Grade: B)]

Subsequent examinations

After the first ROP screening, if treatment is not required, re-examine at least weekly when:

• the vessels end in zone I or posterior zone II with or without any stage of ROP; OR

• there is any plus or pre-plus disease; OR

• there is stage 3 ROP in zone II or III

until the criteria for treatment or two weekly examination or termination of screening have been 
reached. [Evidence level: High (Grade: B)] 

Summary of Recommendations
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After the first ROP screening, if treatment is not required and criteria for weekly examination are 
not present, re-examine at least every two weeks when:

• the vessels end in mid or anterior zone II or in zone III; AND

• there is no plus or pre-plus disease; AND

• there is no ROP or stage 1 or 2 ROP

until the criteria for treatment or weekly examination or termination of screening have been 
reached. [Evidence level: High (Grade: B)] 

Delayed examination

Only in rare circumstances, consider postponing the examination or performing a limited 
examination without an eyelid speculum and scleral indentor, when an infant is exceptionally 
unstable.

• This decision should be made at consultant/senior level, and the rationale, its 
implications, and next steps in screening should be discussed with parents/carers and 
recorded in the infant’s medical records.

• Reschedule the next examination no later than one week beyond the intended 
examination.  [Evidence level: Low (Grade: D)]

Termination of screening

For infants without ROP, continue examinations until vascularisation has extended into zone 
III – as a guide, this is unlikely to have occurred prior to 36 completed weeks’ postmenstrual age 
(36+0 weeks). If there is uncertainty about the zone, consider a further confirmatory examination 
two weeks later. [Evidence level: High (Grade: B)]

For infants with any stage ROP, consider discontinuing screening examinations when any of the 
following characteristics of regression are detected on at least two consecutive examinations:

• partial resolution progressing towards complete resolution

• change in colour of the ridge from salmon pink to white

• growth of vessels through the demarcation line. [Evidence level: High (Grade: B)]

 
Preparation for examination

Preparation of the eye

Use a mydriatic combination of phenylephrine 2.5% and cyclopentolate 0.5%. 
Instil one drop of each drug in two doses, five minutes apart, one hour prior to examination to 
achieve effective mydriasis in preparation for ROP screening. 
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Tropicamide 0.5% may be used as an alternative to cyclopentolate 0.5%, noting that it has a 
shorter duration of action. [Evidence level: High (Grade: B)]

Pain relief

Use proxymetacaine 0.5% or oxybuprocaine 0.4% as topical anaesthesia just prior to examination 
when an eyelid speculum is to be used. [Evidence level: High (Grade: B)]

Comfort care during examination

Consider using a combination of care techniques to comfort the infant during eye examination, 
as per local guidance. These may include the use of nesting or swaddling, non-nutritive sucking, 
administration of expressed breast milk, and/or oral sucrose solution. [Evidence level: Moderate 
(Grade: B)]

Parents/carers should be offered the opportunity to be present during the examination and to 
facilitate comfort care. [Evidence level: Moderate (Grade: B)]

Considerations during examination

Keep ROP screening examinations as short as possible as they have short-term effects on an 
infant’s blood pressure, heart rate and respiratory function.

For examinations undertaken as an outpatient, ensure appropriate neonatal resuscitation 
equipment and a health professional trained in paediatric basic life support are available in the 
examination area.

If infants are unstable during an outpatient examination a period of observation is necessary 
before discharge home. 

Discuss with parents/carers the results of the screening, the next steps and that their baby may 
be unsettled after the examination. [Evidence level: Moderate (Grade: D)]
 
Screening examination techniques

Binocular indirect ophthalmoscopy (BIO) and wide-field digital retinal imaging (WFDRI) can be 
used as examination techniques to screen for ROP.

As examination of the peripheral retina may be limited using WFDRI, either the final screening 
examination should be performed using BIO or screening should be continued for a longer period 
until the criteria for termination have been met (WFDRI only). [Evidence level: Moderate (Grade: B)]
 
Use of eyelid speculum and scleral indentor 

The periphery of the retina should be adequately examined. When using binocular indirect 
ophthalmoscopy, this may be facilitated using an eyelid speculum and scleral indentor. Be aware the 
indentor is used to gently rotate the eye, not to indent the sclera. [Evidence level: High (Grade: B)]
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Equipment sterilisation

Sterilise all reusable instruments and disinfect lenses as per hospital policy and manufacturers’ 
guidance or use single-use instruments. [Evidence level: High (Grade: B)]

Recording the results of a screening examination 

Record ophthalmological findings of each ROP examination in the infant’s medical records, including 
detailed information on:

• extent of vascularisation by zone in the absence of ROP

• zone and stage of ROP

• extent of ROP stage in clock hours

• presence and extent in quadrants of any pre-plus or plus disease

• name of the examiner

• date of the next examination or discharge from screening. [Evidence level: Low (Grade: D)]

Informing parents/carers about screening

Discuss with parents/carers the need for ROP screening and provide parents/carers with access 
to written information (the Parent/Carer Information Leaflet) with enough time before the 
examination to allow for questions. [Evidence level: Low (Grade: D)]

Record in the infant’s medical records that this information has been given and by whom. 

When screening is not complete at the time of discharge, ensure parents/carers are given an 
outpatient appointment prior to hospital discharge and inform them about the risk of not 
detecting progression of ROP if appointments are missed.

When screening is complete, ensure parents/carers are informed about the potential for development 
of refractive errors and/or strabismus later in childhood. [Evidence level: Low (Grade: D)]

Long-term follow-up after screening or treatment

Monitor all infants with treated ROP at a frequency dictated by the clinical condition (see ROP 
Treatment Guideline). [Evidence level: Low (Grade: D)] 

 
Service Configuration Recommendations

Workforce

Each neonatal Operational Delivery Network (ODN) should ensure, in liaison with local ophthalmology 
services, that robust arrangements are in place for competent screening and treatment of infants at 
risk of ROP. Arrangements for ophthalmology cover during planned and unplanned leave should be 
in place to ensure an uninterrupted service. [GDG consensus (GPP)]
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Each neonatal unit should have an identified consultant ophthalmologist with responsibility for 
screening and deputy/deputies with appropriate knowledge, skill, and competency. [GDG consensus 
(GPP)]

Each neonatal ODN should a standard operating procedure for arranging safe and timely treatment, 
either on-site or transfer to another unit when required. [GDG consensus (GPP)]

Protocol

All units providing care for infants at risk of ROP should have a written protocol on ROP 
screening, treatment and the management of infants who need to be transferred to another 
neonatal unit for treatment. [GDG consensus (GPP)]

The protocol should use the National Screening and Treatment Guidelines as the foundation for 
local practice and should include:

• roles and responsibilities of key personnel involved in scheduling ROP first screening 
examinations and follow-up appointments, in particular for those transferred or 
discharged from the unit before screening has commenced 

• roles and responsibilities of those personnel involved in ROP treatment (including the 
consultant neonatologist, ROP coordinator and screening/treating ophthalmologist) 

• contact details for key personnel involved in the ROP service

• record-keeping, use of information leaflets, stores, equipment and its maintenance 

• standard operating procedures and audit recommendations for assessment of the 
quality of service. [GDG consensus (GPP)]

Responsibility for transfers, home discharge and arranging outpatient screening

For infants transferred to another neonatal unit either before ROP screening begins or when screening 
has been started but not completed, it is the responsibility of the referring neonatal team to ensure that 
the receiving unit is aware of the need to start or continue ROP screening. [GDG consensus (GPP)]

For infants discharged home before screening is complete, the first follow-up outpatient 
appointment should be confirmed, and the details of the location and timing provided to parents/
carers before hospital discharge. The importance of attending outpatient appointments should be 
explained and attendance facilitated as appropriate. [GDG consensus (GPP)]
 
Communications on failure to attend outpatient screening

For missed outpatient appointments, parents/carers should be contacted by telephone and then 
by letter to rearrange the appointment which should be within one to two weeks, depending 
on clinical concerns. When necessary, community support should be explored to assist parents/
carers in attending appointments. [GDG consensus (GPP)]

Telephone and written communications should be recorded in the infant’s medical records. [GDG 
consensus (GPP)]



11

UK Screening of Retinopathy of Prematurity Guideline

Responsibilities for record-keeping for inpatient examination 

Neonatal units should keep a record of all infants that require ROP review and the arrangements 
for their follow-up. [GDG consensus (GPP)]

Screening status and the need for further examinations should be recorded and highlighted in 
all transfer letters so that screening can continue. [GDG consensus (GPP)]

Recording of the status of ROP should be documented on a form (paper or electronic) that is 
compatible with the International Classification of ROP and there should be ready access to past 
records showing the previous status of ROP. [GDG consensus (GPP)]

Facilities and equipment 

Provision and maintenance of an appropriate venue and equipment required for the safe delivery 
of ROP screening (both inpatient and outpatient), including monitoring and resuscitation, is the 
responsibility of the department in which the activity occurs. [GDG consensus (GPP)]

Ophthalmologists’ work commitment

Ophthalmologists undertaking regular ROP screening, and their deputies, should have this 
work included in their job plan. [GDG consensus (GPP)]

Ophthalmologists’ expertise and training

Consultant ophthalmologists who undertake ROP screening must have the appropriate 
knowledge, skill and competency to perform the examination and be able to identify ROP 
disease that requires treatment and must ensure that their skills are current and maintained. 
[GDG consensus (GPP)]
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Acronyms and Definitions 
AAP  American Academy of Pediatrics 

A-ROP   Aggressive Retinopathy of Prematurity 
  An uncommon, rapidly progressive, severe form of ROP characterised by the 

prominence of plus disease and the ill-defined nature of the retinopathy  
(Figure 5) (While usually of posterior location, the term ‘Aggressive posterior ROP 
AP-ROP’ is no longer used since ICROP3 classification in 2021)

BAPM  British Association of Perinatal Medicine

BIO Binocular indirect ophthalmoscopy

BLS  Basic life support

BNF-C British National Formulary for Children

BOSU  British Ophthalmological Surveillance Unit

BW  Birthweight

CRYO-ROP Multicentre Trial of Cryotherapy for Retinopathy of Prematurity4

DI Digital imaging

EPR Electronic patient record

ETROP  Early Treatment for Retinopathy of Prematurity Randomized Trial5

GA Gestational age
  Time between the first day of the last menstrual period and the day of delivery, 

generally ascertained in the UK by first trimester ultrasound

GDG Guideline development group

GPP Good practice points

HSV-2 Herpes simplex virus type 2

ICROP International Classification of Retinopathy of Prematurity6

LNU Local neonatal unit

NNAP National Neonatal Audit Programme

NICU Neonatal intensive care unit

ODN  Operational Delivery Network

PA Programmed activity

PIPP Preterm Infant Pain Profile

PMA Postmenstrual age
 Gestational age plus chronological age 

PNA Postnatal age 
 Time from birth

Pre-plus disease   Vascular abnormalities of the posterior pole which signify the presence of ROP 
but which are insufficient for the diagnosis of plus disease 

Pre-threshold   Used in the CRYO-ROP study: zone I any ROP less than threshold; zone II stage 2 
with plus; zone II stage 3 without plus; zone II stage 3 with plus but less than the 
extent defined for threshold disease
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Regression  The process of ROP changing from active, progressive disease to inactive disease 
(also called involution)

RCT Randomised controlled trial

RCOphth Royal College of Ophthalmologists

RCPCH Royal College of Paediatrics and Child Health

ROP Retinopathy of prematurity

RW-ROP Referral-warranted ROP
  For telemedicine studies, forms of ROP that are treatment-requiring or almost 

treatment-requiring have been combined under the term ‘referral-warranted’. 
Defined as any ROP in zone I, any plus disease, any stage 3 ROP7,8

SCU Special care unit 

SGA Small for gestational age

SIG-ROP Special interest group in ROP 

Stage  Six stages (1, 2, 3, 4a, 4b and 5) which describe the severity of ROP from stage 1 
(very mild disease) to stage 5 (complete retinal detachment). Stages are defined 
in the ICROP revisited classification6

ST-ROP Sight-threatening ROP
  An umbrella term for forms of severe ROP that could potentially cause visual 

impairment. It includes the presence of stage 3, pre-threshold, type 1, type 2 or 
threshold disease, as per definitions6 

SUNDROP  Stanford University Network for Diagnosis of Retinopathy of Prematurity 

Threshold  The severity of ROP treated in the CRYO-ROP study9, based on a 50% risk retinal 
detachment if left untreated, 5 contiguous or 8 cumulative clock hours of stage 3 
ROP in zone I or zone II, with plus disease

TR-ROP/ Treatment-requiring ROP/Treatment-warranted ROP 
TW-ROP   Since publication of the ETROP study in 200310, type 1 ROP is regarded as 

‘treatment-requiring’ or ‘treatment-warranted’

Type 1 and  The Early Treatment of ROP (ETROP)10 used a risk analysis algorithm based on
Type 2 ROP  results from the CRYO-ROP natural history study to define ‘high-risk’ (more than or 

equal to 15% risk of retinal detachment if left untreated) and ‘low-risk’ (less than 15%) 
pre-threshold eyes. When mapped to ICROP disease classification, high-risk and 
low-risk eyes broadly fell into two ICROP groups, type 1 and type 2 respectively:

 Type 1: zone I, any stage ROP with plus disease
  zone I, stage 3 ROP with or without plus disease
  zone II, stage 2 or 3 ROP with plus disease

 Type 2: zone I, stage 1 or 2 ROP without plus disease
  zone II, stage 3 ROP without plus disease

VEGF  Vascular endothelial growth factor 

WFDRI Wide-field digital retinal imaging 
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1. Introduction
 1.1. Overview 
Retinopathy of prematurity (ROP) can cause blindness. First described in the 1940s as 
retrolental fibroplasia, ROP is a condition confined to the immature retinal vascular system11. 
The likelihood of developing ROP is related to the stage of vascular development, which in 
turn relates to the postmenstrual age of the infant. With no effective therapeutic measures, 
screening was not considered a priority in the UK until the development of an internationally 
agreed classification of ROP in 198412 and the demonstration of the efficacy of treatment for 
severe disease4.

Using data from the Office of National Statistics for England and Wales, there were 
approximately 8695 live births whose birth weight (BW) was less than 1500g in the UK in 
201513. ROP develops in an estimated 60% of infants weighing less than 1500g at birth while 
severe ROP is uncommon14. In countries with high-quality neonatal care, sight-threatening 
ROP (ST-ROP) is largely confined to infants with BW less than 1000g and is uncommon in 
infants with BW greater than 1250g15. In one multicentre study, 66% of infants with BW less 
than 1251g developed ROP but only 18% reached stage 3 (using the international classification 
of ROP6) and 6% required treatment16.

In 2020, the Royal College of Paediatrics and Child Health (RCPCH) National Neonatal Audit 
Programme (NNAP) reported on data from 2019 which assessed whether the number of 
infants born weighing less than 1501g or at a gestational age of less than 32 weeks underwent 
the first ROP screening in accordance with the NNAP interpretation of the previous guideline 
recommendations17. The final analysis included 8414 infants from 181 neonatal units. The 
findings showed that, including post-discharge screenings, 98.7% of eligible infants had at 
least one screening for ROP recorded; 95.7% of infants were screened ‘on-time’, 2.6% were 
first screened after the closure of the screening window, and less than 0.4% were screened 
before the screening window opened17.

1.2. Clinical Need
  A national guideline for identifying infants at risk of ROP, describing a screening protocol 
and identifying criteria for treatment, was first developed in the UK in 1990 by a working 
party of the Royal College of Ophthalmologists (RCOphth) and the British Association for 
Perinatal Medicine (BAPM) and was reviewed in 1996. The last update in 2008 was led by the 
Royal College of Paediatrics & Child Health (RCPCH) with the RCOphth, BAPM and Bliss2,18. 
After 10 years an update was required to ensure recommendations are in line with new 
evidence and clinical practices. 

  Since publication of the 2008 Guideline, infants might be at greater risk of missing initial 
screening and follow-up because of changes in clinical practice leading to earlier discharge 
from hospital. Whereas the most extremely preterm infants may stay in hospital beyond their 
estimated date of delivery, infants born at 30 and 31 weeks’ gestational age are discharged at 
a median of around 30 days prior to their due date19. 
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Screening is acknowledged to be stressful for both infants and their parents/carers. 
Approximately 4% of screened infants require treatment13, and this raises the question 
whether GA and BW screening criteria require modification. 

  The organisation of services has also changed since the publication of the last guideline. 
Regional neonatal operational delivery networks (ODNs) have been established and infants 
more commonly move between neonatal units, depending on the level of care they require. 
Consequently, infants less than 27 weeks’ GA are preferentially admitted to neonatal intensive 
care units (NICUs) for initial care and then moved closer to home to a local neonatal unit 
(LNU) or special care unit (SCU) as their condition improves. This guideline aims to address 
these and other issues.

1.3. Aims and Objectives
 
  This guideline aims to provide healthcare professionals with guidance on the screening of 

infants for retinopathy of prematurity. The treatment component of the 2008 Guideline will 
be revised by the Royal College of Ophthalmologists. 

 The objectives of the guideline are:

• to evaluate and summarise the clinical evidence relating to the management of ROP 
screening

• to provide evidence-based recommendations for ROP screening

• to provide information for parents and carers on the screening of ROP

• to produce good practice points based on the consensus of the GDG in areas where the 
research evidence is lacking.

  The scope and method of the guideline is presented in Appendices A and B, which include 
search strategies and selection criteria. 

https://www.rcophth.ac.uk/wp-content/uploads/2022/03/Treating-Retinopathy-of-Prematurity-in-the-UK-Guideline.pdf
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2. Background to ROP
  ROP is a potentially blinding condition which occurs secondary to the interruption of the 

normal process of retinal blood vessel development following preterm birth. Infants at risk of 
ROP require regular ophthalmic screening to ensure the early detection and management 
of abnormal neovascular proliferation which may, if left untreated, result in tractional retinal 
detachment. However, even with meticulous screening and management, the risk of visual 
loss due to ROP cannot be completely eliminated. The varying levels of technology and 
resources in neonatal care worldwide result in markedly different requirements for screening 
practice in terms of GA and BW criteria. Although severe ROP is seen primarily in extremely 
preterm infants in developed countries, it remains a risk for less preterm and heavier infants 
elsewhere20.

  ROP is a two-phase disease: the first phase is characterised by the detrimental effects of 
hyperoxia on the immature retina; in the second phase, vaso-proliferation is driven by retinal 
ischaemia (mediated by angiogenic factors such as vascular endothelial growth factor 
(VEGF))21. ROP screening is initiated at the start of the second phase of the disease process to 
enable the detection and timely treatment of potentially sight-threatening vaso-proliferative 
disease. Historically, ROP screening has required binocular indirect ophthalmoscopy (BIO) by 
a specialist, but the increasing use of wide-field digital retinal imaging (WFDRI) with either 
local or remote image review may improve accessibility to ROP screening in populations 
where local expertise is not available22.

  ROP is classified using internationally agreed criteria of zone, stage, and presence of plus 
disease6,10. 

  Location: Zones 

 Each zone is centred on the optic disc (Figure 1).

• Zone I: a circle of radius – twice the distance from the disc centre to the centre of the 
macula. 

• Zone II: extends from the edge of zone I to the nasal ora serrata (posterior zone II – a 
region of 2-disc diameters peripheral to the zone I border).

• Zone III: the residual crescent of retina anterior to zone II.

  The zone in which ROP develops is an important disease indicator. The more posterior 
the disease location, i.e., zone I or posterior zone II, the larger the area of unvascularised, 
ischaemic anterior retina and the more likely the risk of progression to severe disease 
warranting treatment23.
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  Stages of ROP

  Stages 1–3 refer to the appearance of the ROP “lesion” at the junction of posterior vascularised 
and anterior avascular retina. Stages 4 and 5 refer to areas of retinal detachment (Figure 2).

• Stage 1: demarcation line – thin, relatively flat line separating the vascular and avascular 
retina. Abnormal branching or arcading of vessels may lead up to the demarcation line.

• Stage 2: ridge – the ridge has height and width extending above the retina. Isolated tufts 
of neovascular tissue, “popcorn”, may be seen posterior to the ridge.

• Stage 3: extraretinal Fibrovascular Proliferation – in this stage, extraretinal fibrovascular 
proliferation or neovascularisation extends from the ridge, into the vitreous.

• Stage 4: partial retinal detachment – stage 4: extrafoveal (stage 4a) and foveal (stage 4b) 
partial retinal detachments.

• Stage 5: total retinal detachment 

• Extent: recorded as clock hours. 

  Pre-plus and plus disease

  Plus disease refers to dilation and tortuosity of the retinal vessels within zone I (only)  
(Figure 3 and Figure 4). Pre-plus refers to changes insufficient for the diagnosis of plus 
disease but that cannot be considered normal. The changes represent a spectrum of 
appearances from normal, through pre-plus, to plus disease (mild to severe).

  It is acknowledged that there is a degree of inter-observer variation in the diagnosis of plus 
and pre-plus disease. Experience and judgment are needed. Assessment of disease severity 
may consider other factors, including clinical and demographic risk factors, examination 
method (e.g., digital retinal imaging vs. indirect ophthalmoscopy, lens power), zone in which 
the pathology is featured, and rate of progression.

  Aggressive retinopathy of prematurity (A-ROP) is a specific form of the disease, characterised 
by severe plus disease, flat neovascularisation, intraretinal shunting, haemorrhages, and 
rapid disease progression (Figure 5).

  A combination of zone, stage, and presence of plus disease enables the screener to determine 
whether the disease warrants treatment. 
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    Figure 1: Retinal zones. 

  The retina is mapped into three discrete retinal zones. The zone of disease denoted is the 
location of the most posterior limit of vascularisation or ROP lesion. Zone I is the most posterior 
zone, defined by a circle centred on the optic disc with radius twice the distance between 
the centre of the disc and the fovea. Zone II is a ring-shaped region extending nasally from 
the outer limit of zone I to the nasal ora serrata and the same distance temporally. Zone II 
is further sub-divided into posterior and anterior sub-zones. Posterior zone II is defined as 
a region two disc diameters’ distance peripheral to the zone I border; anterior zone II is the 
remaining area up to the zone II perimeter. Zone III is a crescentic area extending temporally 
from the outer border of zone II to the temporal ora serrata. Reproduced with permission 
from Ophthalmology 2021; 08: 08.
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 Figure 2. ROP Stages. 

  Wide-angle fundus photographs demonstrating examples of acute retinopathy of 
prematurity (ROP) stages 1 through 3. Figure 2A: stage 1 demarcation line at the border 
between vascular and avascular retina (white arrows). Figure 2B: stage 1 demarcation line 
(white arrows) and associated notch (black arrowheads) between vascular arcades that 
would be considered zone I secondary to notch. Note pre-plus disease with mild retinal 
vascular tortuosity and dilation. Figure 2C: stage 2 ridge, which is raised (white arrows) and 
thicker than stage 1. Figure 2D: stage 2 ridge. Note the so-called popcorn lesions posterior to 
the ridge (arrow) and pre plus disease with mild vascular tortuosity and dilation. Figure 2E: 
stage 3 disease with extraretinal neovascularisation (white arrows). Note plus disease with 
vascular tortuosity and dilation. Figure 2F: eye with both stage 2 (black arrowheads) and 
stage 3 (white arrowheads) disease and associated popcorn (white arrows). Note plus disease 
with vascular tortuosity and dilation. Figures 2A-D are reproduced with permission from 
Elsevier (Ophthalmology 2021; 08: 08). Figures 2E and 2F are reproduced with permission 
from the American Medical Association (Arch Ophthalmol 2005; 123:991-999).
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   Figure 3: Spectrum of pre-plus and plus disease. 

  Continuous spectrum of vascular severity in retinopathy of prematurity from normal to 
plus disease. Figure 3A: six representative images displayed in which the colour scale on 
top reflects the average grading of committee members (from green [normal] to red [plus 
disease]) and demonstrates that vascular severity presents on a continuum. Figure 3B: nine 
representative segmented images are displayed in which the colour scale represents mean 
vascular severity grading by committee members for each image (from green [normal] 
to red [plus disease]) and demonstrates that vascular severity presents on a continuum. 
Reproduced with permission from Elsevier (Ophthalmology 2021; 08: 08).
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   Figure 4: Pre-plus and plus disease. 

  Wide-angle fundus photographs demonstrating examples of plus disease and pre-plus 
disease. Note varying levels of vascular abnormality, which are assessed in the central retina 
within the region of zone I. Figure 4A: Mild pre-plus disease, with more arterial tortuosity 
and venous dilation than normal. Figure 4B: Pre-plus disease, with notable arterial tortuosity 
but minimal venous dilation. Figure 4C: Pre-plus disease, with moderate arterial tortuosity 
and venous dilation, but considered by most committee members to be insufficient for 
plus disease. Figure 4D: Plus disease with notable venous dilation and arterial tortuosity. 
Note that plus disease is out of proportion to visible peripheral findings, suggestive of flat 
neovascularization (stage 3; white arrows). Figure 4E: Severe plus disease, with dilation 
and tortuosity of both arteries and veins. Figure 4F: Severe plus disease. Note presence 
of ill-defined posterior flat stage 3 (arrows), which, combined with severe plus disease, is 
typical of aggressive retinopathy of prematurity. Reproduced with permission from Elsevier 
(Ophthalmology 2021; 08: 08).
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   Figure 5. Aggressive ROP. 

  A-ROP affecting the posterior retina in this eye. Note severe plus disease and flat 
neovascularisation. Older versions of ICROP described ‘aggressive posterior ROP’ (AP-ROP), 
but ICROP3 widened the term to aggressive ROP (A-ROP), as in some clinical settings the 
condition is not confined to the posterior retina. Reproduced with permission from Anna 
Ells, MD, FRCS(C), Clinical Professor, University of Calgary, Alberta, Canada.

2.1. Epidemiology
  A study by Blencowe estimated that, in 2010, globally 184,700 preterm infants developed 

any stage ROP, of whom 20,000 became blind or severely visually impaired from their ROP 
and a further 12,300 developed mild/moderate visual impairment. Of those visually impaired 
from ROP, 65% were born in middle-income regions and 6.2% of all ROP visually impaired 
infants were born after 32 weeks’ GA24. 

  Many extremely preterm infants develop some degree of ROP and incidences of 66%–68% 
have been reported in infants of less than 1251g BW23. In most of these cases the ROP never 
progresses beyond mild disease and resolves spontaneously without treatment16,25. Severe 
disease is relatively infrequent; the CRYO-ROP multicentre study found that only 18% of 
infants less than 1251g BW developed stage 3 ROP and only 6% reached threshold and 
required treatment4.

  In the UK, ROP-induced complete or partial blindness constituted 5%–8% of childhood 
vision impairment in 1985–1990 and was confined mainly to infants below 1000g BW26. The 
incidence had decreased to 3% in 200027. In a 16-month UK-wide study, 13% of infants with 
stage 3 ROP had severe vision loss or blindness at one year of age28. Infants who develop 
ROP are also at increased risk of subsequent ophthalmic problems such as strabismus and 
myopia. In a study of infants with BW under 1701g, 29% with ROP stage 3 had strabismus at 
six months compared with 3% with no ROP29.
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  As the number of screened infants who develop severe ROP is so low, many ophthalmologists 
rarely see sight-threatening disease, and a national audit identified this as a cause of 
concern30. Although some31,32, but not all33, single-centre studies suggest the incidence of 
ROP is declining in the developed world, the latest Swedish national study shows a similar 
incidence of ROP over time and a significant increase in the frequency of treatment34. 
Improvement in survival rates of extremely preterm infants is leading to an increase in the 
number of infants who need screening.
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3. ROP Screening
3.1 Screening Criteria

  

All infants less than 31 weeks’ gestational age (up to and including 30 weeks 
and 6 days) OR less than 1501g birth weight should be examined to screen for 
the presence of ROP (one criterion to be met for inclusion) [Evidence level: High 
(Grade: B)]

Incidence of ROP subsequent to the 2008 Guideline  

  In a comparison study of three cohorts in North America (4099 infants in the CRYO-ROP 
trial (1986–1987), 6998 infants in the ETROP trial (2000–2002) and 1284 infants in the e-ROP 
study (2011–2013)), Quinn et al.35 reported little change over 27 years in the incidence of 
ROP in infants with BW less than 1251g and its progression to more serious disease. The 
incidence of pre-threshold ROP among infants of GA more than 27 weeks fell from 9% in 
1988 to 3% in 2013. This was despite increased survival of these high-risk infants and was 
attributed to improvements in maternity and neonatal care including the use of surfactant 
and antenatal steroids36, greater attention to oxygen saturation targets37 and advances in 
neonatal intensive care technology35. These data provided an impetus for considering a 
change to ROP screening criteria.

  Studies from the UK

  The British Ophthalmological Surveillance Unit (BOSU) performed a prospective, active 
surveillance study of all infants treated for ROP in the UK between 1 December 2013 and 
30 November 201413. Reporting cards were sent monthly to every consultant and associate 
specialist ophthalmologist in the UK, of which 77.2% were returned. In addition, the ROP 
special interest group forum (SIG-ROP) was asked to report cases. A total of 327 cases were 
identified based on the 2008 ROP screening criteria (Appendix C for evidence tables). 
Screening criteria options were considered from these data that would have included all 
infants who required treatment. The reduction in the number of infants who would require 
screening was estimated to be 11.1% using criteria of less than 32 weeks’ GA and/or less than 
1251g BW; 14.7% using a single criterion of less than 32 weeks’ GA; and 12.6% using criteria of 
less than 31 weeks’ GA and/or less than 1501g BW38.

  Studies from other countries

  Published data from other countries that included the GA of infants treated for ROP were 
included in the evidence review. As the incidence of ST-ROP varies, only studies from 
countries comparable to the UK according to the 2019 United Nations Human Development 
Index (http://hdr.undp.org/en/data) (defined as a neonatal mortality rate of less than 5 per 
1000 live births) were included. 

http://hdr.undp.org/en/data
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  In the 23 studies that were included13,34,39-59, 136,546 infants were screened and, of these, 2054 
were treated for ROP. Eleven of these studies reported 724 infants treated for ROP from 
14,573 infants screened. No infant of GA greater than 30 weeks required treatment34,39-45,55-57. 
The remaining 12 studies reported a total of 35 infants of GA greater than 30 weeks treated for 
ROP from a total of 121,973 infants screened13,46-54,58,59. All of these studies provided information 
on GA and 15 studies also presented detailed information on BW13,41,43-46,48,49,51-54,57-59. 

  The remaining seven studies included information on GA but only limited information on 
BW in relation to ROP screening criteria and provided descriptions of outliers and of small 
for gestational age (SGA) infants34,39,40,42,50,55,56.

  Considering the three alternative screening criteria tested by Adams et al.38 within the 
population reported in the 23 studies analysed, the criterion “less than 32 weeks’ GA” would 
not have detected two SGA infants: one GA 32 weeks, BW 905g51; one 32 weeks, BW 650g54. 
These infants would have been included using either of the criteria that included BW. Only 
two infants would not have been detected using “less than 31weeks’ GA or less than 1501g 
BW” or “less than 32 weeks’ GA or less than 1251g BW”. One infant was from Germany with 
a GA of 37 weeks and BW of 1860g48 and the other was from South Korea with a GA of 33+3 
weeks and BW of 1730g53. Neither of these infants would have fulfilled the 2008 screening 
criteria. In the Adams et al. analysis, the criterion “less than 31 weeks’ GA or less than 1501g 
BW” was marginally more efficient than “less than 32 weeks’ GA or less than 1251g BW”38.

  Morbidity-based screening criteria

  Several national guidelines include a criterion by which a severely ill infant may be referred 
for ROP screening, even when they do not meet agreed GA/BW criteria34,50,60. 

  The American Academy of Pediatrics (AAP) policy statement on ROP60 includes screening 
criteria of infants with hypotension requiring inotropic support, those in receipt of oxygen 
supplementation for more than a few days, or infants who received oxygen without saturation 
monitoring. Guidelines for ROP screening in Sweden34 include all infants less than 31 weeks’ GA 
but recommend that neonatologists refer more mature infants who have been exceptionally 
unwell, referring to those who are ‘very sick with long periods of high and/or fluctuating 
levels of oxygen’. In the 10-year study period reported by Holmstrom, only one infant over 
the GA screening criterion required treatment for ROP. That infant was 31 weeks’ GA and was 
“extremely ill with high oxygen concentrations”34. The German national guideline for ROP 
screening50 includes a criterion for infants less than 37 weeks’ GA who receive supplemental 
oxygen for more than three days. In their review of three national databases, only one infant 
requiring treatment was identified exclusively by the oxygen criterion.

  In summary, there is limited evidence for the effectiveness of an additional non-specific 
“severity of illness” criterion for ROP screening. The GDG considered that adoption of 
undefined criteria as described above may result in significant over-referral and unnecessary 
examinations.
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  Predictive algorithm-based screening criteria

  ROP screening criteria should identify all infants who will develop ST-ROP but also minimise 
the number of infants in whom screening later proves to have been unnecessary. A variety 
of predictive algorithms have been developed to increase screening efficiency. In addition 
to GA and BW, they use predictive factors such as postnatal weight gain61-65 and ethnicity64. 
Twenty-four studies presenting predictive algorithms were identified61-85. While predictive 
algorithms are, by definition, 100% sensitive in detecting ROP when applied to the population 
in which they were developed61-65,85, they either show variable performance when applied to 
other populations67,68,73,76-82,84 or are yet to be widely replicated. 

  To date, only three studies have been performed in the UK: a replication study of the 
Swedish WINROP algorithm with 87.5% sensitivity73, a very small replication study of the 
G-ROP algorithm with 100% sensitivity86 and a new algorithm developed in two hospitals in 
East London64. Larger replication studies within the UK are required before any algorithm 
can be recommended for general use in the UK. The G-ROP algorithm61 appears particularly 
promising, with 100% sensitivity in validation studies in North America71, the UK86, Italy87 and 
Japan72. The East London algorithm, which includes ethnicity, also requires further validation 
in the UK. 

  The GDG considered that a change to the 2008 screening criteria recommendation is 
warranted. The GA threshold of less than 32 weeks’ GA may be safely reduced to less than 31 
completed weeks’ GA, provided the BW criterion of less than 1501g is retained. 

 3.2 Timing of Screening

3.2.1 Time of first screening examination

For infants born before 31+0 weeks’ gestational age, the first ROP examination 
should be performed between 31+0 and 31+6 weeks’ postmenstrual age, or at 4 
completed weeks’ postnatal age (28–34 days), whichever is later. [Evidence level: 
High (Grade: B)]

For infants born at and after 31+0 weeks’ gestational age with birthweight 
less than 1501g, the first ROP examination should be performed at 36 weeks’ 
postmenstrual age or 4 completed weeks’ postnatal age (28–34 days), whichever 
is sooner. [Evidence level: High (Grade: B)]

 Table 1 presents recommended timings of first examination for each gestational age.  
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 Table 1. Timing of first ROP examination** 

GA (wks*) PMA (wks*) PNA (wks*)

22 31 9 

23 31 8 

24 31 7

25 31 6

26 31 5

27 31 4

28 32 4

29 33 4

30 34 4

31 (BW<1501g) 35 4

32 (BW<1501g) 36 4

33 (BW<1501g) 36 3

34 (BW<1501g) 36 2

35 (BW<1501g) 36 1

   *wks: completed weeks (i.e., 22 = 22+0 to 22+6, etc.), GA: gestational age, PMA: 
postmenstrual age, PNA: postnatal age, BW: birthweight  
**For infants born before 31+0 weeks’ gestational age, the first ROP examination should be 
performed between 31+0 and 31+6 weeks’ postmenstrual age, or at 4 completed weeks’ 
postnatal age (28–34 days), whichever is later. For infants born at and after 31+0 weeks’ 
gestational age with birthweight less than 1501g, the first ROP examination should be 
performed at 36 weeks’ postmenstrual age or 4 completed weeks’ postnatal age (28–34 
days), whichever is sooner

  In infants at risk of developing ST-ROP, screening must be initiated soon enough to detect 
the earliest possible onset of potentially severe disease. Therefore, the timing of ROP onset 
must be understood as it is closely related to PMA34,88-93, but slightly accelerated in infants of 
lower gestation34,88,92,93.

  With improvements in maternal and neonatal care, the incidence of ST-ROP in more mature 
infants has reduced35, and the survival rate of extremely preterm infants has increased94. 
While the severity of disease has reduced, the PMA at the onset of disease has not changed35. 
Earlier studies of the timing of onset of ROP cited in the 2008 Guideline therefore remain 
valid. Recent cohort studies have extended available data and include infants of gestation as 
low as 22 weeks, who did not survive in the past.

  Data from 23 studies were included in the evidence review13,16,25,34,39,40,48-50,54,55,59,91,92,95-103 
(Appendix C). Five publications were included in the 2008 Guideline16,25,91,95,96 and 18 have 
been published since the 2008 Guideline13,34,39,40,48-50,54,55,59,92,97-103.

  A combined analysis of the CRYO-ROP and LIGHT-ROP studies95 included a table of the 
recommended time of first ROP examination to detect pre-threshold ROP in 99% of infants. 
This table (Table 1) has formed the basis of the 2008 and 2022 UK recommendations.
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  The 2008 Guideline recommended the first screening examination at 30–31 weeks’ PMA in 
all infants with GA less than 27 weeks, noting that ST-ROP was extremely unlikely to develop 
prior to 31 weeks’ PMA, although there was little evidence around infants born at 22–23 
weeks’ GA88,89,95. Evidence since 2008 confirms that treatment-warranted ROP (TW-ROP) is 
exceptionally rare at PMA less than 31 weeks, as presented below.

  A prospective, population-based study of 368 infants born before 27 weeks’ GA in Sweden 
over a three-year period was published in 2010 in several articles92,93. Retinal examinations 
were undertaken from five weeks’ PNA and continued weekly or every two weeks until the 
retina was fully vascularised. The earliest PMA for stage 3 ROP was 31.6 weeks and the earliest 
PMA for treatment was 32.1 weeks. An analysis of 7249 infants screened in Sweden between 
2008 and 2017 presented similar findings; the earliest PMA for stage 3 ROP was 31.7 weeks 
and the earliest PMA for treatment was 32.1 weeks34 (Table 2).

      Table 2. Summary of the literature of the timing of first detection of ‘sight-
threatening’ OR stage 3 ROP OR treatment-requiring ROP (all times are in weeks)

Description of studies First  
detection  
(GA)

First  
detection 
(PNA)

CRYO-ROP Natural History Study. Pre-threshold ROP, 5th centile16. 32.4 6.2

CRYO-ROP Natural History Study. Threshold ROP, 5th centile16. 33.6 7.4

CRYO-ROP and LIGHT-ROP combined data. Pre-threshold ROP,  
5th centile95.

32.4 6.2

CRYO-ROP and LIGHT-ROP combined data. Threshold ROP, 5th centile95. 33.9 7.9

CRYO-ROP and LIGHT-ROP combined data. Pre-threshold ROP,  
1st centile95.

30.9 4.7

CRYO-ROP and LIGHT-ROP combined data. Threshold ROP, 1st centile95. 32.6 6.7

Case series of infants less than 25 weeks’ gestation. Earliest threshold ROP96. 32 8

Case series of infants under 1000g. Earliest pre-threshold ROP91. 31  

Cohort study of infants less than 27 weeks’ gestation. Earliest treatment97. 33

ETROP Pre-threshold ROP, 5th centile25. 32.1 7

Case series. Earliest treatment39,40,48-50,54,55,98-100,103. 31 or above

Swedish Natural History study of infants less than 27 weeks’ gestation. 
Earliest stage 3 ROP92.

31.6  

UK BOSU one-year cohort study. Earliest treatment13.
31.4 (a 24-
week GA 
infant)

7

Cohort study of infants less than 27weeks gestation. Earliest treatment102. 32

Swedish Natural Hi103story study of infants less than 27 weeks’ gestation. 
Earliest stage 3 ROP92.

31.6  

Swedish national ROP database. Earliest stage 3 ROP34.
31.7 (23-
week GA 
infant)

4.9 (27-
week GA 
infant) 
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Description of studies First  
detection  
(GA)

First  
detection 
(PNA)

Swedish national ROP database. Earliest treated34.
32.1 (22-
week GA 
infant)

7.0 (26-
week GA 
infant)

Cohort of 677 treated infants. Earliest treatment59.
30.7 (25-
week GA 
infant)

5 (25-week 
GA infant)

Case series of infants less than 27 weeks’ gestation. Earliest treatment101. 30

Special Interest Group for ROP (SIG-ROP) list group of treaters in UK 
survey performed in 2021. Earliest treatment.

31 or above

   Note: This table presents data as appeared in the original publication. Where a study 
expressed the time of an event in partial weeks with a decimal point, the number after the 
point could mean either the number of days into the following week or a decimal fraction 
of the next week (e.g., 24.3 could mean 24 weeks and 3 days or 24 weeks and 3 tenths of a 
week, i.e., 2.1 days). The GDG agreed that either interpretation allows the determination of 
the time to an acceptable level of accuracy of one week and have included data as they 
appear in the publication. 

  The UK national BOSU survey13 included 327 infants treated during a 12-month period. 
Examiners followed the UK 2008 Guideline, with screening from 30 weeks’ PMA for infants 
of GA less than 27 weeks. The earliest PMA at treatment was 31 weeks and 4 days, in an infant 
born at 24+4 weeks’ GA. No infant in the study received ROP treatment before 31 weeks’ PMA13.

  Only two infants who received treatment before 31 weeks’ PMA have been reported in the 
literature from other countries. Yu et al. reported 677 infants treated in 41 hospitals in the 
USA59. One infant born at 25 weeks’ GA was treated at 30.7 weeks’ PMA. Fukushima et al. 
reported 66 infants born before 27 weeks’ GA in Japan, of whom one required treatment for 
AP-ROP at 30.0 weeks’ PMA101.

  Very few infants require treatment before 32 weeks’ PMA or 5 weeks’ PNA, whichever is later 
(Table 2). By screening for ROP from 31 weeks’ PNA or 4 weeks’ PNA, whichever is later, 
all treatment-requiring ROP should be detected in a timely way, with incorporation of an 
additional week to prepare for treatment if warning signs of ST-ROP are detected at the first 
examination.
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  Based on the review of the current literature (Table 2), the GDG agreed to change the timing 
of the first screening examination for the most immature infants from 30 to 31 weeks’ PMA.

When to consider referral
Refer infants for treatment when the following criteria have been met: 

• zone I with plus disease and with any stage of ROP

• zone I without plus disease but with stage 3 ROP

• zone II with plus disease and with stage 3 ROP (zone II stage 2 with 
plus disease is borderline for treatment and may be treated or re-
examined in one week or less). 

(note: plus disease should be present in at least two quadrants).

Discuss with treating ophthalmologist when referral-warranted ROP is present:   
• any pre-plus or plus disease in two or more quadrants in any zone 

• any zone I or posterior zone II disease 

• any stage 3 disease in any zone. [Evidence level: High (Grade: B)] 

  The treatment criteria are fully discussed in the Treatment Guideline. They are derived 
from the Early Treatment of ROP (ETROP) study of laser treatment10,104, a randomised trial 
comparison of relatively early treatment (‘prethreshold’ ROP), compared to conventional 
treatment (‘threshold’ ROP), using prior definitions from the CRYO-ROP trial.

  The concept of RW-ROP was developed in telemedicine studies7,8, when referrals to 
a treating ophthalmologist were made by other clinicians. ROP assessment contains 
subjective elements and slightly wider criteria for RW-ROP, adding a safety margin for the 
management of infants referred for treatment. The definition of RW-ROP has been widely 
adopted7,8. As a good practice point, this approach may be used by ophthalmologists who 
screen and then refer to a network treater. 

 An algorithm on when to seek advice or refer for treatment is given in Appendix E.
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3.2.2. Subsequent screening examinations

After the first ROP screening, if treatment is not required, re-examine at least weekly 
when:

• the vessels end in zone I or posterior zone II with or without any 
stage of ROP; OR

• there is any plus or pre-plus disease; OR

• there is stage 3 ROP in zone II or III

until the criteria for treatment or two-weekly examination or termination of 
screening have been reached. [Evidence level: High (Grade: B)] 

After the first ROP screening, if treatment is not required and criteria for weekly 
examination are not present, re-examine at least every two weeks when:

• the vessels end in mid or anterior zone II or in zone III; AND

• there is no plus or pre-plus disease; AND

• there is no ROP or stage 1 or 2 ROP 

until the criteria for treatment or weekly examination or termination of screening 
have been reached. [Evidence level: High (Grade: B)]

  The ophthalmic findings at the first examination will determine if and when subsequent 
examinations are required. The ETROP trial10 found that the presence of plus disease, vessels 
ending in zone I or posterior zone II, and stage 3 ROP are all associated with progression to 
disease requiring treatment and the same factors were associated with adverse outcomes 
in the CRYO-ROP study natural history cohort23. The CRYO-ROP study105 found that the rate 
of progression of ROP between first observation of ROP to pre-threshold (mean 8.2 ± 1.2 
(standard error (SE) days)) was faster in eyes with an unfavourable retinal outcome following 
treatment, compared with those with a satisfactory retinal outcome following treatment 
(mean 12.3 ± 1.2 (SE) days). 

  Progression of ROP is most rapid in the lowest gestation infants34. Disease progression is 
particularly rapid in eyes with A-ROP106. Eyes with A-ROP typically progress from ‘no presence 
of ROP’ to stage 3 ROP in approximately one week, whereas eyes that develop other forms of 
treatment-requiring ROP (TR-ROP) typically progress from ‘no presence of ROP’ to stage 3 
ROP in approximately two to three weeks101. Extremely preterm infants, with very immature 
retinal blood vessel development in zone I or posterior zone II without any stage of ROP, may 
progress rapidly to TR-ROP and should be reviewed after no longer than one week.

  The frequency of ROP follow-up examinations must balance timely identification of TW-ROP 
and the avoidance of unnecessary stress to infants and their parents/carers. The GDG concluded 
that when the characteristics of rapidly progressing disease are observed, screening should be 
undertaken at least weekly. Where there is no ROP and the vessels have progressed to zone 
II or there is stage 1 or 2 disease without plus in zone II or III, screening can safely be repeated 
every two weeks as the risk of progressing to sight-threatening disease is low. 
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3.2.3 Delaying screening

Only in rare circumstances, consider postponing the examination or performing 
a limited examination without an eyelid speculum and scleral indentor when an 
infant is considered exceptionally unstable. 

• This decision should be made at consultant/senior level., and the 
rationale, its implications, and next steps in screening should be 
discussed with parents/carers and recorded in the infant’s medical 
records.

• Reschedule the next examination no later than one week beyond 
the intended examination. [Evidence level: Low (Grade: GPP)]

  Delaying or postponing a screening examination could mean that the window of opportunity 
for treatment is missed. Where the decision to postpone a screening examination is made 
on clinical grounds, this should be a joint decision between the ophthalmic and neonatal 
teams, balancing the risks of late diagnosis of ST-ROP against the risks to the infant of 
undergoing the screening examination. A junior member of the team should not make this 
decision. The reasons for doing so should be clearly stated in the infant’s medical record and 
the examination should be rescheduled within one week of the intended examination.

3.2.4 Termination of screening examinations

  Screening can stop when the infant is no longer at risk of developing TW-ROP. There is 
only a minimal risk of ST-ROP once vascularisation has progressed into zone III and the risk 
has passed once full vascularisation to the periphery of the retina has occurred23,88. ROP 
disease in zone III is not considered to require treatment although it is acknowledged 
that the identification of zones, particularly the boundary between zones II and III, can be 
problematic. The location of ROP in zone III can only be determined with confidence when 
the nasal retina is vascularised.

For infants without ROP, continue examinations until vascularisation has 
extended into zone III – as a guide, this is unlikely to have occurred prior to 36 
completed weeks’ postmenstrual age (36+0 weeks). 

If there is uncertainty about the zone, consider a further confirmatory 
examination two weeks later. [Evidence level: High (Grade: B)]
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  Given that it can be difficult, particularly for less experienced ophthalmologists, to identify 
zone III accurately, it is important to know when zone III vascularisation is likely to occur. 
An analysis of natural history data from the CRYO-ROP and LIGHT-ROP studies reported 
on the progression of vascularisation into zone III in infants without ROP and found that 
the median was 35.6 weeks’ PMA with only 1% of eyes becoming vascularised in zone III 
before 30.4 weeks’ PMA or after 45.9 weeks’ PMA95. The retina had vascularised into zone 
III in around 70% of infants by 37 weeks’ PMA. In a more recent north American cohort of 
4259 infants who did not develop ROP, fewer than 10% of eyes were vascularised into zone III 
before 34 weeks’ PMA and 49% were vascularised into zone III by 37 weeks’ PMA103. A Swedish 
national study of 506 infants born at gestation less than 27 weeks found that in eyes that 
did not develop ROP, the retina had fully vascularised at a median time of 40 weeks’ PMA 
(range 34.4–61.6 weeks)93. Although ROP can develop after 36 weeks (5% of infants developed 
stage 1 disease after 38.3 weeks’ PMA93), it is most unlikely to develop into disease requiring 
treatment95.

For infants with any stage ROP, consider discontinuing screening examinations to 
assess for progressive active disease when any of the following characteristics of 
regression are detected on at least two consecutive examinations:

• partial resolution progressing towards complete resolution

• change in colour of the ridge from salmon pink to white

• growth of vessels through the demarcation line. [Evidence level: High (Grade: 
B)]

  When an infant has ROP which does not progress to requiring treatment, a decision has 
to be made on when the risk of ST-ROP is so low that the eye examinations can be safely 
stopped.

  The CRYO-ROP study95,107 found that infants developing stage 1 or 2 ROP in zone III are at 
extremely low risk of developing ST-ROP. In those infants with ROP first developing in zone 
II, once regression occurs and vascularisation of the retina continues into zone III, the risk to 
sight is minimal95,107. Noting that in 3% of eyes, zone III vascularisation has still not occurred 
by three months post term95,107, the GDG therefore recommended that the criterion for 
terminating ROP screening should be the presence of signs of regression of active ROP 
rather than vascularisation of the retina.

  A Swedish national study of 506 infants born at less than 27 weeks’ GA found that the retina 
became fully vascularised at a median of 42.7 weeks’ PMA (range 36–67.4 weeks) in eyes that 
developed stage 1 or 2 ROP93, compared to 47.7 weeks’ PMA (range 38.6–66.6 weeks) in eyes 
that developed stage 3 ROP which regressed without treatment93.
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  The signs of ROP regression have been defined by ICROP6. These are a lack of increase in 
severity, complete or partial resolution, reduction of pre-plus/plus disease, and growth of 
vessels through the demarcation line. Additionally, the ridge may change in colour from 
salmon pink to white. These signs should be confirmed by at least two examinations6.

  The process of regression may differ between individuals, and ophthalmologists should err 
on the side of caution.

3.3 Screening Examination
3.3.1 Preparation of the eye

Use a mydriatic combination of phenylephrine 2.5% and cyclopentolate 0.5%. 

Instil one drop of each drug in two doses, five minutes apart, one hour prior to 
examination to achieve effective mydriasis in preparation for ROP screening.

Tropicamide 0.5% may be used as an alternative to cyclopentolate 0.5%, noting 
that it has a shorter duration of action. [Evidence level: High (Grade: B)]

  Effective mydriasis of the pupil is essential as a well-dilated pupil enables the periphery of 
the retina to be examined and facilitates accurate diagnosis and staging of ROP. Mydriatic 
eye drops are either parasympathetic blockers which relax the pupillary sphincter muscle 
(e.g., tropicamide, cyclopentolate) or sympathetic stimulants which stimulate the pupillary 
dilator muscle (e.g., phenylephrine)108. A typical mydriatic regimen will use a combination. A 
range of different combinations of mydriatic regimen is reported in the literature, many of 
which appear to provide adequate pupil dilation without significant adverse effects.

 
  More recent studies have compared different strengths of phenylephrine with different 

strengths of tropicamide or cyclopentolate. The levels of evidence have varied from moderate 
to high. Currently in the UK, phenylephrine 2.5%, cyclopentolate 0.5%, and tropicamide 0.5% 
are commonly used. The effects of phenylephrine last five to seven hours, tropicamide lasts 
four to six hours, and cyclopentolate lasts up to 24 hours109. The lowest effective concentration 
of phenylephrine, reported in several studies, is 1%110. Higher strength phenylephrine 5% in 
combination with tropicamide 0.5% has been reported to produce a significantly superior 
quality of eye fundus examination than the administration of tropicamide 0.5% alone111. 
However, the combination of up to three drops of phenylephrine 2.5% with cyclopentolate 
0.5% is reported to be a safe and effective combination with no systemic adverse reactions112. 
Two cohort studies113,114 using a combination of phenylephrine 2.5% and cyclopentolate 0.5% 
and an observational study using a combination of phenylephrine 2.5% and tropicamide 
2.5%115 reported no evidence of severe adverse events. 
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  There is a suggestion that heavily pigmented irises are more difficult to dilate than lightly 
pigmented ones116. It is the experience of the GDG that the mydriatic regimen proposed is 
also effective in infants with dark irises (although three doses of the mydriatics may facilitate 
better dilation in these cases). A third dose can be administered at the discretion of the 
examining ophthalmologist.

  No major adverse effects have been reported from the phenylephrine/cyclopentolate 
combination regimen recommended. There are case reports of renal failure with 
tropicamide 0.5%/phenylephrine 0.5% combination regimen108, transient paralytic ileus 
with cyclopentolate 0.2%/phenylephrine 1% combination117, bradycardia with tropicamide 
1%118 and heart failure with phenylephrine 10%/ cyclopentolate 1% combination119. Mydriatic 
eye drops can also be absorbed into other parts of the body through contact with the skin 
around the eye, the cornea, the conjunctiva, nasal mucosa, and the nasolacrimal canal108. 
Reducing this absorption and using the lowest effective dose may reduce the risk of adverse 
events. Proposed methods of reducing absorption include using smaller drops120, wiping off 
any excess or closing the eyelid after instillation108 or gentle pressure on the tear duct in the 
inner corner of the eye to minimise drops draining into the nose, although no high-quality 
studies have tested their effectiveness.

  Mydriatic regimens in ROP screening have an effect on gastric function. Slow gastric emptying, 
emesis, abdominal distension and feeding-related bradycardia were all significantly greater 24 
hours after screening and effects on duodenal motor activity and gastric emptying have been 
demonstrated up to three hours after screening using the phenylephrine1%/cyclopentolate 
0.2% combination121. Another study122 concluded that placebo and cyclopentolate 0.25% eye 
drops had no significant effect on tested gastric function. However, cyclopentolate 0.5% 
significantly decreased gastric acid secretion and volume. These lower concentrations of 
cyclopentolate (0.20% and 0.25%) are not available in the UK. 

  Based on the current evidence base, what is available in the UK, and the experience of the 
GDG members, it was therefore agreed that the suggested combination and doses should 
be phenylephrine 2.5% and cyclopentolate 0.5%. Tropicamide 0.5% may be used as an 
alternative to cyclopentolate although it has a shorter duration of effectiveness.

3.3.2 Pain relief

Use proxymetacaine 0.5% or oxybuprocaine 0.4% as topical anaesthesia just 
prior to examination when an eyelid speculum is to be used. [Evidence level: High 
(Grade B)]

  Evidence from ROP screening examinations suggests that when an eyelid speculum is used 
it is painful, and that pain relief is necessary113,114,123,124. As painful eye examinations using a 
speculum would not be undertaken in older children or adults without a local anaesthetic, 
a topical anaesthetic of choice should be used prior to ROP screening.
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  Five RCT studies looking at pain relief were included125-129, three of which were published 
since 2008127-129. The level of evidence is moderate to high.

  A high-quality RCT127 compared the safety and efficacy of morphine. This trial had to be 
stopped as the use of morphine showed potential for harm with respiratory adverse effects 
without analgesic efficacy. Two small RCTs in the USA125,126 investigated the effect of topical 
anaesthesia with proparacaine hydrochloride 0.5% (known in the UK as proxymetacaine) 
instilled as one or two drops, 30–60 seconds pre-examination. One concluded that topical 
anaesthesia reduced pain, as assessed by the Premature Infant Pain Profile (PIPP)125, 
whereas the second126 observed no difference in subjective measures of pain pre- and 
post-examination. Neither study suggested that the topical anaesthesia caused any harm 
or interfered with the examination in any way. Two RCTs suggested that the use of topical 
proparacaine 0.5% provides a measurable benefit in decreasing pain associated with ROP 
screening without decreasing subjective corneal clarity, although the effect on pain was not 
dramatic128 and it was shown to lower PIPP scores129. A Cochrane review concluded that the 
administration of topical proparacaine 30 seconds prior to the ophthalmic evaluation was 
associated with a reduction in pain scores, especially at the time of speculum insertion130.

  The British National Formulary for Children (BNF-C) 2020131 advises that proxymetacaine 
and oxybuprocaine are contraindicated in preterm neonates because of the immaturity of 
the metabolising enzyme system. This statement is thought to reflect a theoretical concern 
and there is no published evidence that their use has proved hazardous. Oxybuprocaine 
and proxymetacaine have been widely used as topical anaesthesia during ROP screening 
for decades in the UK. Gentle pressure on the tear duct in the inner corner of the eye may 
stop the drops from draining into the nose and into the blood stream109. Therefore, the GDG 
agreed that the recommendation for using proxymetacaine 0.5% or oxybuprocaine 0.4% as 
topical anaesthesia prior to ROP screening examinations should remain unchanged.

3.3.3 Comfort care during examination 

Consider using a combination of care techniques to comfort the infant during 
eye examination, as per local guidance. These may include the use of nesting or 
swaddling, non-nutritive sucking, administration of expressed breast milk and/or 
oral sucrose solution.

Parents/carers should be offered the opportunity to be present during the 
examination and to facilitate comfort care.  [Evidence level: Moderate (Grade B)]

  Other techniques used to comfort infants during the screening examination include non-
nutritive sucking, feeding, sucrose, nesting and/or swaddling. Many of these techniques 
seem to reduce stress responses or physiological responses but do not necessarily cause 
significant changes in the pain scores. Eight studies, including seven RCTs132-138 and one 
cohort139, have investigated the use of sucrose to reduce pain during screening. The level of 
evidence is moderate to high for the studies included. Two studies133,136 found no significant 
difference in the PIPP score with sucrose compared to sterile water although it is not clear if 
topical anaesthesia was also used. However, two studies132,135 using topical anaesthesia found 
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that 24% sucrose placed on the tongue or onto a pacifier during screening significantly 
decreased the PIPP score compared to sterile water. One study138 showed that oral sucrose 
along with non-nutritive sucking and swaddling reduced behavioural and physiological 
pain responses although pain scores remained high, while two other studies134,137 did not 
show a reduction or significant variation in pain scores when compared with using oral 
sucrose alone. A predictive cohort study139 showed that sucrose, along with swaddling and 
local anaesthesia, reduced the PIPP score.

 
   Two RCTs135,136 examining the use of a pacifier and one small cohort study140 examining 

nesting (placing the infant on a soft padded surface with boundaries) reported a significant 
reduction in pain and stress (measured by blood pressure and oxygen saturations) during the 
examination. A more recent cohort study showed that skin-to-skin contact141 did not provide 
additional pain relief. Similarly, a study assessing music therapy and standard care142 did not 
show any significant change in PIPP scores, while feeding one hour before examination as 
opposed to withholding feeds may reduce stress143. No adverse events were recorded in any 
of these studies.

  Based on the available evidence, the GDG therefore recommend that a range of comfort 
care techniques, which will not cause adverse events, should be provided to help to reduce 
the infant’s pain and distress.

3.3.4 Considerations during examination

Keep ROP screening examinations as short as possible as they have short-term 
effects on an infant’s blood pressure, heart rate and respiratory function.

For examinations undertaken as an outpatient, ensure appropriate neonatal 
resuscitation equipment and a health professional trained in paediatric basic life 
support are available in the examination area.

If infants are unstable during an outpatient examination, a period of observation 
is necessary before discharge home.

Discuss with parents/carers the results of the screening, the next steps and that 
their baby may be unsettled after the examination. [Evidence level: Moderate 
(Grade: D)]

  Observations of infants being screened suggest that it is an uncomfortable and distressing 
procedure, especially when an eyelid speculum and scleral indentor are used144.

  Three cohort studies investigated the responses of infants undergoing screening where 
indirect ophthalmoscopy, topical anaesthesia, and an eyelid speculum were used113,114,123.  
Two studies113,123 found no significant difference in blood pressure during the examination 
compared with the pre-examination baseline whereas the third114 found a significant 
increase in diastolic pressure 15 minutes after instillation of eye drops and during 
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examination which returned to baseline level within 10 minutes after the examination.  
An RCT compared Newborn Individualised Developments Care and Assessment Programme 
and standard support for infants undergoing screening and reported no difference in pain 
responses, but faster recovery as measured by salivary cortisol in the former group. Infants 
examined by RetCam compared to indirect ophthalmoscopy experienced less pain145. One 
study146 indicated that using WFDRI when screening produced less transient short-term 
pain and stress responses when compared to BIO whilst another study147 indicated that 
PIPP scores were not statistically different between the two methods, although heart rate 
was significantly higher in WFDRI.

  Five studies47,113,114,118,123 have investigated the effect of screening on the infant’s heart rate. 
Two114,123 recorded a significant increase in pulse rate, which quickly returned to a level 
slightly lower than baseline after the examination. The third study113 showed no difference in 
heart rate compared with base level either at 30 minutes or 24 hours after the examination. 
One study118 showed that 31% of infants demonstrated significant bradycardia at some 
time during the examination, with the instillation of eye drops and insertion of the eyelid 
speculum being a major cause. However, none of the events were life-threatening. Dhaliwal 
et al.147 also observed crying and physiological changes with insertion of the eyelid speculum, 
which ceased when the speculum was removed. 

   Oxygen saturation during screening was recorded in three studies114,123,144. Two found that the 
level fell during the insertion of the eyelid speculum and during the physical manipulation 
of the eye, returning to the baseline 5–10 minutes after the examination114,123. A third study 
reported that reduced oxygen saturation and cyanosis resulted in the examination being 
abandoned in 2/57 infants144. An increased rate of apnoeic episodes during the 24-hour 
period after ROP screening has been reported148.

  There has been one case report149 of an episode of severe apnoea and bradycardia during 
screening examination which required resuscitation and the GDG provided anecdotal 
evidence that this is not an exceptional occurrence when screening the most fragile infants. 
The group suggested that adequately skilled staff and resuscitation equipment should 
be immediately available when examining such vulnerable infants. This also applies when 
screening in an outpatient setting, and the GDG recommend that if infants are unstable 
during an outpatient examination a period of observation is necessary before discharge 
home.

 
  The evidence indicates that although systemic effects may occur during ROP screening, 

they are usually transient and therefore unlikely to require additional monitoring above that 
provided as part of the infant’s routine neonatal care.
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3.3.5 Screening examination techniques

Binocular indirect ophthalmoscopy (BIO) and wide-field digital retinal imaging 
(WFDRI) can be used as examination techniques to screen for ROP.

As examination of the peripheral retina may be limited using WFDRI, either the 
final screening examination should be performed using BIO or screening should 
be continued for a longer period until the criteria for termination have been met 
(WFDRI only). [Evidence level: Moderate (Grade B)]

  Binocular indirect ophthalmoscopy

  BIO has traditionally been considered the gold standard examination technique for 
ROP150,151 and has been used in all major ROP trials4,5,10. BIO uses a head-mounted 
illumination/viewing device and a hand-held condensing lens to produce a real, inverted 
image. For ROP a 28-diopter (or 30-diopter) lens is used to obtain an adequate field of view. 
By placing the nasal edge of the optic disc at one edge of the view, the limit of zone I is 
approximately at the temporal edge of the view6. BIO examination is technically difficult, 
especially in preterm neonates. The image is small, relatively dim, and difficult to hold in a 
stable position. Reduced room lighting in the vicinity of the infant is preferred during BIO 
examination. To obtain an adequate view of the whole retina, the eye must be rotated using 
an indentor144. Hence the need for an eyelid speculum144, local anaesthetic eye drops125-131 and 
an assistant to hold the infant’s head in a stable position. 

  Digital imaging 

  Over the past two decades, the application of digital imaging (DI) to the neonatal retina 
using new technologies such as WFDRI cameras has opened up the possibility of using 
alternatives to BIO for ROP screening. As several imaging systems are now available and 
widely used worldwide, DI presents new opportunities for research and clinical practice152. 
Images can be recorded to monitor progress and be shown in real-time in the NICU to 
parents/carers and clinical staff. DI is an important teaching method as it eliminates the 
need for multiple examinations of an infant by trainee ophthalmologists. 

 
   Digital imaging provides a permanent, electronically transmissible record of the retina, 

thus offering the potential for screening by ophthalmologists and less specialised staff with 
images reviewed by an expert either on site or remotely152. A minimum set of five standard 
images (central, superior, inferior, nasal, temporal) is recommended153. A small number of 
adverse events, such as new retinal haemorrhages, have been reported154-156, but none of 
these have been a serious adverse event.
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  Binocular indirect ophthalmoscopy vs digital imaging 

  Eighteen studies included in the evidence review150,153,157-172 compared WFDRI to BIO where BIO 
was considered the gold standard. Studies reported specificity and sensitivity in detecting 
RW-ROP or TW-ROP. Although research methodologies varied, overall, studies showed 
high specificity (78%–100%) and sensitivity (57%–99%), positive predictive values (67%–93%) 
and negative predictive values (85%–100%) with larger studies showing higher sensitivity 
(Appendix C). It should be noted, however, that the continued use of BIO as the gold 
standard for ROP examination has been questioned151. In one hospital network telemedicine 
study, 15/511 infants developed TW-ROP, and none were missed by telemedicine screening162. 
A recent comprehensive review reported that DI is used for routine ROP screening in several 
countries and is used for telemedicine152.

  DI requires corneal contact and the time taken compared to a BIO examination is longer154. 
It can be difficult to visualise the peripheral retina using DI; thus, in the absence of ROP, 
the final screening examination should be performed using BIO163. Screening should be 
continued for a longer period when using WFDRI only150. 

  Image grading

  Nine studies compared grading outcomes between expert and non-experts in ROP 
screening170,171,173-179 (Appendix C).

  Methodological differences preclude direct comparison between the various studies. Image 
grading is relatively accurate when performed by expert ophthalmologists to detect pre-
threshold disease, pre-plus or plus disease170,171,174, and there is also some evidence of the 
accuracy of image evaluation by well-trained non-physician readers (such as NICU nurses, 
neonatal nurse practitioners, ophthalmic photographers and individuals with non-clinical 
backgrounds)171,175.

  It has long been known from studies that experts may disagree on ROP grading, with 
12% differing on whether ROP required treatment95. DI has allowed inter-expert grading 
differences to be explored by several groups using web-based systems180-182, particularly with 
respect to plus disease. As a result, there is now better agreement at the normal and severe 
ends of the plus spectrum6. 

  Many studies have shown that while there can be discrepancies over the diagnosis of some 
ROP features, particularly plus disease, nonphysician graders using DI can be better than 
ophthalmologists using BIO at identifying certain features171 such as zone and plus disease 
but are less likely to diagnose stage 3 ROP175,176.

  Both non-physician grading and the ophthalmic clinical examination have limitations and 
this “highlights the need for standardised approaches as ROP telemedicine becomes more 
widespread”171.
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  In conclusion, DI has generated a change in ROP research and practice. While DI, as an 
alternative to BIO, and telemedicine have shown great promise in clinical research, their 
use in non-research environments in the UK has yet to be evaluated. Any new telemedicine 
program initiated in the UK should be undertaken with caution and include a comprehensive 
audit of efficacy.

  Use of eyelid speculum and scleral indentor

The periphery of the retina should be adequately examined. When using BIO, this 
may be facilitated using an eyelid speculum and scleral indentor. Be aware the 
indentor is used to gently rotate the eye, not to indent the sclera. [Evidence level: 
High (Grade B)]

    When using BIO, the use of an eyelid speculum and scleral indentor in screening examinations  
improves the scrutiny of the peripheral retina and their use was standard practice in the 
CRYO-ROP and ETROP studies9,10. A study comparing BIO with and without an eyelid 
speculum and scleral indentor concluded that the view of the retina, particularly in peripheral 
regions, was more complete when an eyelid speculum and scleral indentor were used144. 
Therefore, their use is required to determine if vascularisation is in zone II or zone III. For 
WFDRI, a speculum is normally used to facilitate access to the cornea, but an indentor is not 
used. Systemic effects associated with the use of the speculum have already been discussed 
in section 3.3.5.

  Equipment sterilisation

Sterilise all reusable instruments and disinfect lenses as per hospital policy and 
manufacturers’ guidance or use single-use instruments. [Evidence level: High  
(Grade B)]

    As the eyelid speculum and/or a scleral indentor comes into contact with a mucous 
membrane, there is a risk of spreading infection. Sterilisation of reusable instruments is more 
reliable than disinfection183. The single use of autoclave-sterilised instruments for each 
patient will reduce this risk, although a survey of NICUs in the USA184 found that this practice 
was inconsistent. 

  Two small RCTs compared the effectiveness of 70% isopropyl alcohol185 and 4% chlorhexidine 
gluconate186 in disinfecting eyelid specula that had been either used in ROP screening 
examinations or inoculated with adenovirus serotype 5 or herpes simplex-2 virus (HSV-2). 
The results showed that cleaning eyelid speculums with 70% isopropyl alcohol provided 
adequate disinfection against HSV-2 but inadequate disinfection against bacteria and 
adenovirus. Chlorhexidine gluconate had a broad spectrum of activity against bacteria and 
was effective against HSV-2 but was also ineffective against adenovirus.

  For digital imaging lenses that come in contact with the cornea, autoclave sterilisation is not 
possible. “Intermediate-level disinfection” by cleaning the lens immediately following use 
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and then wiping with 70% isopropyl alcohol (IPA) has been suggested187,188, However, cross-
infection with adenovirus is particularly difficult to prevent. Sodium hypochlorite is more 
effective than 70% isopropyl alcohol for this purpose187-190. Manufacturer’s guidance should 
be followed as some disinfectants can damage equipment. 

  Standard procedures to prevent cross-infection of patients must be followed, with strict 
attention to hand hygiene and use of protective personal equipment (PPE) as per local 
neonatal unit guidance. It would be prudent to examine infants known to be infected or 
colonised at the end of an ROP screening ward round183,187-190.

3.3.6 Recording the results of a screening examination 

Record ophthalmic findings of each ROP examination in the infant’s medical 
records, including detailed information on:

• extent of vascularisation by zone in the absence of ROP

• zone and stage of ROP

• extent of ROP stage in clock hours 

• presence and extent in quadrants of any pre-plus or plus disease

• name of the examiner

• date of the next examination or discharge from screening. [Evidence 
level: Low (GPP)]

    A standardised examination record sheet was published in the 2008 Guideline which 
captured the minimum information that should be recorded at each examination and can 
be downloaded, adapted, printed and photocopied as required. This has been updated and 
is presented in Appendix F. An electronic version is available from www.rcpch.ac.uk/ROP.

  Accurate records should be made for each screening examination in relation to the stage, 
zone and extent of ROP stage in clock hours and the presence of any pre-plus6 or plus 
disease, and the method of screening (BIO or WFDRI). Any adverse events experienced by 
the infant during the screening should be recorded. If a further examination is required, the 
need for and time of this examination should be documented. If a decision is made that 
screening may be terminated, this should be clearly stated. The documentation of clear, 
easy-to-interpret information on ROP screening status should form an easily identifiable 
part of the medical records so it is available if the infant is transferred between examinations. 
Neonatal units are gradually moving away from paper records and so, where relevant, 
findings should be documented within the appropriate section of the electronic patient 
record (EPR). Electronic databases linked to EPRs will help capture information for audit and 
research purposes.

http://www.rcpch.ac.uk/ROP
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3.3.7 Informing parents/carers about screening

Discuss with parents/carers the need for ROP screening and provide parents/
carers with access to written information (the Parent/Carer Information Leaflet) 
with enough time before the examination to allow for questions.

Record in the infant’s medical records that this information has been given and by 
whom. 

When screening is not complete at the time of discharge, ensure parents/carers 
are given an outpatient appointment prior to hospital discharge and inform them 
about the risk of not detecting progression of ROP if appointments are missed.

When screening is complete, ensure parents/carers are informed about the 
potential for development of refractive error and/or strabismus later in childhood. 
[Evidence level: Low (GPP)]

   Good communication is an essential component for parental/carer understanding of 
ROP. Parents are usually the best advocates for their child and often develop considerable 
expertise and confidence in talking to nurses and doctors and must be kept fully informed.

 
  Parents need to be informed that their baby will be screened for ROP prior to the first 

examination. Information about why their baby requires screening, the screening process 
and the possible consequences if severe ROP develops should be provided prior to their 
infant’s first review. This information should be provided verbally, with written information 
also provided, as visual tools can help to support verbal communication about ROP. 
The recommended Parent/Carer Information Leaflet is provided with this Guideline  
(Appendix H). Written information should supplement and not replace verbal 
communication with the parents. Literacy and language needs should be considered when 
providing families with the leaflet to ensure that the information is accessible.

  Parents may be able to be present during the screening examination and comfort their baby 
before and afterwards. Parents/carers should have the opportunity to ask any questions, 
whether or not they are present during the screening examination. 

  
  If their infant requires screening after discharge or transfer, informing parents about the 

potential implications of undiagnosed or untreated ROP, and the essential nature of further 
screening examinations, should help to ensure that these examinations take place. If an 
appointment is not kept a combined effort is needed to encourage attendance, including 
telephone contact rather than relying on postal communication. 

  
  Screening for ROP is a routine procedure within the neonatal unit and consent for screening 

is implicit. However, it is important that the procedure is fully discussed with parents/carers 
and they are informed when it will take place and have a chance to ask any questions. It is 
essential that parents/carers receive regular updates on their infant’s ROP status. 
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3.4  Long-Term Follow-Up After Screening or 
Treatment

Monitor all infants with treated ROP at a frequency dictated by the clinical 
condition (see ROP Treatment Guideline). Be aware of the potential for 
developing refractive errors and/or strabismus after spontaneously regressed 
stage 3 ROP. [Evidence level: Low (GPP)]

  The visual outcome of preterm infants who do not develop ROP and those who develop 
stages 1 or 2 are similar. Therefore, the GDG does not recommend additional follow-up 
beyond the routine national screening that is undertaken between four and a half and five 
years of age. 

  Infants with spontaneously regressed stage 3 ROP are, however, at risk of developing myopia 
or strabismus during the first two years of life. Parents should be informed about this and 
advised to seek advice from health professionals if they have any concerns.

  The GDG agreed that the ophthalmologist should arrange ongoing outpatient review of all 
infants with stage 3 ROP in which ROP resolved spontaneously as well as for those infants 
requiring treatment, continuing for at least five years191.
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4. Service Configuration 
  ROP screening services are well established in the UK. Since the publication of the ROP 

Guideline in 2008, there have been improvements every year on the timeliness of the first 
screening examination17. To continue improving ROP screening programmes, screening 
and treatment services must be embedded in a robust organisational structure. 

  In this section, the GDG draws on the limited evidence from the literature and their own 
expertise and experience to define the components of a good screening service for infants 
at risk of developing ROP.

4.1 Responsibilities and Communications 
  A safe service will have a number of components. It has to ensure that all infants at risk are 

identified and are screened at the correct times by an ophthalmologist with appropriate 
expertise. If treatment is required, it should be delivered in a safe environment and in a 
timely manner by a specialist with expertise in treating ROP. 

  Such a service will require co-ordination and communication between neonatal and 
ophthalmology teams and parents. Studies suggest that this communication can break down. 

  Workforce

Each neonatal Operational Delivery Network (ODN) should ensure, in liaison 
with local ophthalmology services, that robust arrangements are in place for 
competent screening and treatment of infants at risk of ROP. Arrangements for 
ophthalmology cover during planned and unplanned leave should be in place to 
ensure an uninterrupted service.

Each neonatal unit should have an identified consultant ophthalmologist with 
responsibility for screening and deputy/deputies with appropriate knowledge, 
skill, and competency.

Each neonatal ODN should have a standard operating procedure for arranging 
safe and timely treatment, either on-site or transfer to another unit when 
required. [GDG consensus (GPP)]

   In the 2008 ROP Guideline, the GDG agreed that the responsibility for the ROP screening 
programme within a neonatal unit should be at consultant level and not delegated to less 
experienced trainees. This has been re-iterated by the GDG in 2022. Cross-cover for sickness 
and annual leave of screener ophthalmologists needs to be established192.
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  In any unit undertaking ROP screening, there must be neonatal medical, nursing, 
and managerial support for the ophthalmology team. Nurses who are attached to the 
ophthalmology team to support ROP screening are an invaluable asset and resource. Non-
ophthalmologists who support the ophthalmology workforce, e.g., by undertaking WFDRI, 
should be appropriately trained and competent.

  Particular care is needed when screening and treatment are provided by different clinicians. 
Ideally, virtual multidisciplinary team meetings of networked providers using digital images 
will make timely treatment decisions. 

  Protocol

All units providing care for infants at risk of ROP should have a written protocol 
on ROP screening, treatment and the management of infants who need to be 
transferred to another neonatal unit for treatment. 

The protocol should use the National Screening and Treatment Guidelines as the 
foundation for local practice, and should include: 

• roles and responsibilities of key personnel involved in scheduling 
ROP first screening examinations and follow-up appointments, in 
particular for those transferred or discharged from the unit before 
screening has commenced  

• roles and responsibilities of those personnel involved in ROP 
treatment (including consultant neonatologist, ROP coordinator and 
screening/treating ophthalmologist)  

• contact details for key personnel involved in the ROP service 

• record-keeping, use of information leaflets, stores, equipment and 
its maintenance

• standard operating procedures and audit recommendations for 
assessment of the quality of service. [GDG consensus (GPP)]

    All units caring for infants at risk of ROP should have a written protocol in relation to the 
screening of infants for ROP and a protocol for managing infants who need treatment either 
in their unit or who need transfer to a treating centre. The protocol should refer to the 
National Treatment Guidelines as the foundation for guiding their local practice and 
should include details on the roles, responsibilities and contact details of key personnel 
involved in ROP scheduling (screener/treater consultant neonatologist, ROP coordinator, 
neonatal medical and/or nursing team), record-keeping, use of information leaflets, stores, 
equipment and maintenance, standard operating procedures, and audit recommendations 
for the assessment of the quality of service.

https://www.rcophth.ac.uk/wp-content/uploads/2022/03/Treating-Retinopathy-of-Prematurity-in-the-UK-Guideline.pdf


48

UK Screening of Retinopathy of Prematurity Guideline

  Bain and colleagues reported that units providing better ROP services have a commitment 
to quality improvement and a dedicated ophthalmologist193. Analysis of a large French 
cohort from 2021194 found that lack of a written protocol within a unit was associated with a 
lower rate of infants screened, and greater delay among those who were screened.

  Protocols should be prominent and readily accessible in neonatal units in either electronic 
or paper format so that all neonatal personnel are aware of the importance of regular 
screening, of the requirement to inform parents of the need to screen their baby and to 
provide any supportive information around this, and the possible requirement to continue 
to screen the neonate post transfer or discharge.

  Responsibility for transfers, home discharge and arranging outpatient screening

For infants transferred to another neonatal unit either before ROP screening 
begins or when screening has been started but not completed, it is the 
responsibility of the referring neonatal team to ensure that the receiving unit is 
aware of the need to start or continue ROP screening. [GDG consensus (GPP)]

For infants discharged home before screening is complete, the first follow-up 
outpatient appointment should be confirmed, and the details of the location 
and timing provided to parents/carers before hospital discharge. The importance 
of attending outpatient appointments should be explained and attendance 
facilitated as appropriate. [GDG consensus (GPP)]

   The protocol should include specific requirements relating to the follow-up of infants 
transferred or discharged from the unit before screening has commenced or is complete. 
Documentation of ROP status and scheduling recommendations for the next screening 
should be incorporated by the neonatal team in any transfer/discharge documents. The 
receiving unit should notify their ROP screener of the need for ongoing examination.

  A study presenting the results of an audit performed in 17 NICUs in England demonstrated 
the need for clear communication to ensure that initiation or continuation of ROP screening 
occurs after transfer or discharge home from the neonatal unit195. Compliance with outpatient 
attendance for ROP screening can be improved by making arrangements before hospital 
discharge196. Robust service organisation will minimise the risk of missed screening.

  It is likely that there will be many infants discharged home before ROP screening has started 
or before it is completed. Parents/carers should be given an appointment for ROP screening 
before their baby is discharged by hospital staff, and the importance of attendance should 
be explained. Attendance at follow-up appointments can be improved by providing an 
information sheet which includes the details of the first outpatient appointment prior to 
discharge and by ensuring nurses or the ROP coordinator discuss this information with the 
parents/carers197.
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  Outpatient screening should ideally take place close to or adjacent to a neonatal unit, but 
if this is not possible, there should be well maintained neonatal resuscitation equipment 
(section 4.1) and personnel trained in paediatric basic life support available during screening.

  Communications on failure to attend outpatient screening

For missed outpatient appointments, parents/carers should be contacted by 
telephone and then by letter to rearrange the appointment, which should be 
within one or two weeks depending on clinical concerns. When necessary, 
community support should be explored to assist parents/carers in attending 
appointments. [GDG consensus (GPP)] [Evidence level: Low (Grade: GPP)]
 
Telephone and written communications should be recorded in the infant’s 
medical records. [GDG consensus (GPP)]

   There are a number of reasons for parents or carers not bringing their infant back to hospital 
for screening. These may include the carer needing to reschedule the appointment, lack of 
transportation, and conflicting appointments or illness. Having a longer distance to travel 
for follow-up appointments can have an impact on care with more appointments missed 
the further the distance travelled198.

  An agreed process should be in place to manage those infants who have not been brought 
to their outpatient appointment for ongoing screening. As acute ROP is a matter of urgency, 
every effort should be made to have direct communication with the parents, health visitor 
or community midwife by telephone rather than only by mail. A record should be made of 
such communication, which should include the outcome and that appropriate rescheduling 
has been confirmed with the parents/carers. Confirmation of rescheduled appointments 
should also be sent in the post with copies to the health visitor, GP, and named consultant 
neonatologist. Where appropriate, parents should be signposted to locally provided services 
which may provide transport and/or support with costs of transport. Any language difficulties 
in communication with parents/carers should be addressed, e.g., by using interpreter 
services.

  Roles and responsibilities for this task may depend on the local arrangements for outpatient 
visits, but it could be the consultant ophthalmologist or ROP coordinator who ensures that 
this communication is made.
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  Responsibilities for record-keeping for inpatient examination

Neonatal units should keep a record of all infants that require review and 
arrangements for follow-up. 
 
Screening status and the need for further examinations should be recorded and 
highlighted in all transfer letters so that screening can continue. 

Recording of the status of ROP should be documented on a form (paper or 
electronic) that is compatible with the International Classification of ROP and 
there should be ready access to past records showing the previous status of ROP. 
[GDG consensus (GPP)]

  There should be a record of all infants who require review and the arrangement made for 
their follow-up. Use of electronic records is increasing in neonatal units; electronic systems 
may be helpful in identifying infants who require screening, tracking such infants and 
scheduling screening. However, such systems may be imperfect and the establishment of 
an ROP coordinator should be considered to ensure the correct application of any electronic 
system.

  The ROP coordinator role is also invaluable in establishing effective co-ordination between 
ophthalmologists, neonatologists and parents. More details on the roles and responsibilities 
are presented in Appendix G.

  Facilities and equipment 

Provision and maintenance of an appropriate venue and equipment required 
for the safe delivery of ROP screening (both inpatient and outpatient), including 
monitoring and resuscitation, is the responsibility of the department in which the 
activity occurs. [GDG consensus (GPP)]

  An indirect ophthalmoscope, appropriate lenses, eye drops, sucrose or equivalent, specula 
and indentors should be available (as described in sections 3.3.1, 3.3.2 and 3.3.5).

  
  An appropriate venue for screening to take place in the neonatal unit is required. In some 

cases, this may be at the cot-side but the ability to dim the ambient lights to facilitate the 
fundal view should be available.
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4.2  Ophthalmologists’ Work Commitment for Undertaking 
ROP Screening

Ophthalmologists undertaking regular ROP screening, and their deputies, should 
have this work included in their job plan. [GDG consensus (GPP)]

   The time an ophthalmologist requires to screen and treat infants will depend on the 
number of infants who require screening. A survey of UK ophthalmologists192 found that 
ROP screening is an infrequent activity for many ophthalmologists, with 55% of respondents 
screening fewer than 40 infants per year. In terms of sessional commitment, 34% of those 
who screened infants spent more than half a session per week on ROP screening. Of those 
ophthalmologists who screened more than 70 infants in 1994, 43% did not have ROP 
screening identified in their plan. ROP screening should be included in the job plan for 
those ophthalmologists who perform ROP screening and should be based on the number 
of infants admitted to the unit meeting the screening criteria per year.

  The level of commitment will depend on the workload and travel involved, including the 
provision of time for teaching and training. For example, for small neonatal units, if there is 
no travel and no training, this may be half of a programmed activity (PA). In larger teaching 
units with larger numbers of neonates to screen, this may be one PA.

  Treatment for ROP should be in addition to this and is covered separately in the RCOphth 
Treatment Guideline. Although treatment episodes are relatively infrequent, the time 
commitment for each treatment session is large and will include travel, preparation, 
consultation with parents, treatment, and follow-up. Arrangements should be made for 
inclusion of this work into the ophthalmologist’s job plan, but in general it is considered 
reasonable that an ROP treatment session would take up most or all of one PA. Sufficient 
flexibility should be incorporated in the job plan to allow urgent treatments to be performed 
at short notice. 

  ROP screeners must have a deputy who can cover them when they are away on leave or 
if there is a period of sickness. Such deputies should also have this included in their job 
plan with the appropriate PA allocation commensurate to their cover. To provide a safe 
and seamless service, the screener and deputy must ensure that they are not away at the 
same time. This will necessitate co-ordination of leave and may also necessitate planned 
cancellation of other scheduled clinical activities to enable screening to take place in a 
timely manner. 

https://www.rcophth.ac.uk/wp-content/uploads/2022/03/Treating-Retinopathy-of-Prematurity-in-the-UK-Guideline.pdf
https://www.rcophth.ac.uk/wp-content/uploads/2022/03/Treating-Retinopathy-of-Prematurity-in-the-UK-Guideline.pdf
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4.3 Ophthalmologists’ Expertise and Training

Consultant ophthalmologists who undertake ROP screening must have the 
appropriate knowledge, skill and competency to perform the examination and be 
able to identify ROP disease that requires treatment and must ensure that their 
skills are current and maintained. [GDG consensus (GPP)]

  In many units, ROP screening is undertaken by paediatric ophthalmologists but it can also 
be undertaken by other trained sub-specialist ophthalmologists, e.g., medical or surgical 
retinal consultants. Screening examinations should be consultant-led but, on occasions, this 
can be deputised to a colleague if the consultant screener is unavailable, provided that the 
consultant screener is satisfied that the deputy has previously received adequate supervised 
training and has demonstrated appropriate skills in examination. Any ophthalmologist who 
undertakes ROP screening must be skilled in examination, be able to identify disease that 
requires treatment, and must ensure that their skills are current and maintained.

  In the UK, trainee ophthalmologists must have participated in ROP screening before the 
completion of surgical training, but this alone is unlikely to be sufficient exposure to be 
confident in ROP screening. Online web-based training can be of considerable benefit as 
an adjunct to face-to-face training and examples of such resources include a UK e-learning 
for health (e-LfH) ROP course (https://portal.e-lfh.org.uk/Component/Details/575120) and 
an interactive American Academy of Ophthalmology (AAO) ROP course (https://www.aao.
org/interactive-tool/retinopathy-of-prematurity-case-based-training).

https://portal.e-lfh.org.uk/Component/Details/575120
https://www.aao.org/interactive-tool/retinopathy-of-prematurity-case-based-training
https://www.aao.org/interactive-tool/retinopathy-of-prematurity-case-based-training
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5. Implementation
5.1 Barriers and Facilitators
  To aid implementation of the recommendations in the guideline, the GDG identified a 

number of existing barriers and facilitators.

  Workforce and training

  ROP services are highly specialised areas that are provided by a competent workforce 
of ophthalmologists who are supported by medical and neonatal nursing teams. Many 
hospitals have difficulty recruiting paediatric ophthalmologists and, when this happens, 
ROP screening may be undertaken by ophthalmologists who may have limited experience 
in ROP examinations. If availability of experts and protected training becomes reduced, safe 
and effective service delivery is put at risk. 

  A trainee ophthalmologist who has received supervised training and has demonstrated that 
they are skilled in examination can undertake the screening when the more experienced 
consultant screener is unavailable and where support from another experienced consultant 
is readily available. 

  The training of ophthalmologists on ROP examination is also facilitated by useful adjunct 
online training and resources (section 4.3).

  Failure to run efficient ROP screening services may result in infants suffering serious visual 
impairment and potential litigation for Hospital Trusts and individuals. 

  Each neonatal unit and its Trust must ensure that an ophthalmologist trained in ROP 
screening is available to provide this service at least once weekly. 

  There are established neonatal ODNs that help coordinate services effectively. Cross-cover 
by paediatric ophthalmologists in ODNs can minimise this risk. 

Existing barriers 
Inadequate numbers of paediatric ophthalmologists trained in ROP screening to 
deliver a 52 week/year service.

Existing facilitators 
Liaison between neonatal units within an ODN and links between ROP screeners 
ophthalmologists. 
Availability of online training packages.
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    Protocols and processes

  Neonatal units should have a protocol that identifies infants who meet the screening criteria 
in this guideline.

  Electronic patient records are now widely available, and they could include an alert when 
the screening is due to start as well as aiding the scheduling of subsequent examinations 
and follow-up appointments.

  The coordination of ROP services to deliver safe and efficient screening in neonatal units 
depends on meticulous attention to the schedule. This can be greatly facilitated by a 
dedicated ROP coordinator, as described in Appendix G. 

  The use of retinal digital imaging can be helpful, either as a primary examination method 
or as a basis for a ROP telemedicine screening service. However, to set up a fully operational 
telemedicine service, a number of other resources are needed. These include a named lead 
ophthalmologist, trained staff, relevant equipment, and IT support with the appropriate 
information governance for archiving, retrieval, and secure transmission of images when 
necessary.

Existing barriers 
Lack of robust systems for tracking infants after the initial screening 
examination. 

Existing facilitators 
Use of Electronic Patient Records to identify the first screening examination. Staff 
trained in coordinating all aspects of ROP screening including follow-up (in some 
hospitals). Availability of WFDRI (in some hospitals) with possibility to request 
and receive screening advice and input.

  Emergency planning

  ROP screening is a critical service that must not be interrupted. This should be taken into 
account when NHS Trust emergency plans are discussed, with the need to have contingency 
plans to avoid any negative impact on the service.
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Existing barriers 
Lack of consideration of ROP screening and treatment as a ‘critical service’.

5.2 Resource Implications
  Ophthalmology workforce

  Ophthalmologists need ringfenced allocation of screening PAs to deliver an ROP service. 
These must include travel, teaching and training. Guidance for clinical leads and service 
managers when devising job plans can be sought from the RCOphth.

  Many units have experienced difficulties in recruiting paediatric ophthalmologists, placing 
the viability of ROP screening programmes at risk. As a result, ROP screening may be 
undertaken by ophthalmologists with limited experience or training in ROP. The costs 
(financial and time) of training ophthalmologists require consideration and inclusion in 
service agreements. 

  Neonatal units should allocate protected time and resources for staff to coordinate all 
aspects of the ROP service on a 52-week-a-year basis.

Resource needs
Training of ophthalmologists in ROP screening.
Need for ringfenced allocation of screening PAs to deliver ROP service, to include 
travel, teaching and training.
Allocation of protected ROP service coordination (e.g., ROP coordinator and 
deputies).

  Imaging equipment

  It is useful to have WFDRI equipment in neonatal units for screening examinations and 
training purposes. This equipment is expensive; however, one portable system could be 
shared between hospitals.

  Different professionals can be trained in the use of WFDRI and this can include trainees, 
non-paediatric ophthalmologists and advance level nurses. When other professionals are 
included in the skill mix within the team, adequate time must be provided for all elements 
of practice development, continuing professional development (CPD) and training.

  Telemedicine services for ROP are not fully established in the UK. To be effective, this would 
require further planning and resources. This includes trained personnel to capture and 
analyse the images, costly equipment, and IT systems to transfer and store images. Robust 
audit and quality assurance processes are required to ensure service provision is effective 
and the associated costs fully funded.

https://www.rcophth.ac.uk/wp-content/uploads/2022/03/Treating-Retinopathy-of-Prematurity-in-the-UK-Guideline.pdf
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Resource needs 
Implementation of telemedicine services requires equipment and appropriately 
trained and skilled staff, including experienced clinical oversight.

 

Resource needs
Implementation of telemedicine services requires equipment and appropriately 
trained and skilled staff, including experienced clinical oversight.

5.3 Audit Measures
  The primary aim of auditing ROP screening is to identify the level of compliance with the 

standards in the guideline and promote improvements in patient outcomes. Most neonatal 
units in England, Wales and Scotland contribute data that are used in the NNAP which is 
commissioned by the Healthcare Quality Improvement Partnership (HQIP) as part of the 
National Clinical Audit Programme and Patient Outcomes Programme (NCAPOP) and 
delivered by the RCPCH. 

  NNAP reports only on whether the first ROP screening of eligible infants was carried out on 
time. Improvements in this measure have been made since the last edition of this Guideline 
(2008) from 27% in 2009 to 96% 10 years later (2019)17. Nevertheless, there is still variation 
between neonatal units and some infants at highest risk of ROP are still not screened (0.4%)17. 

  All neonatal units should consider the following measures aimed at raising their standards and 
reducing variability in ROP screening. Regular audit of compliance with the ROP Guideline 
should be planned by all departments. The following audit measures are suggested.

Key priority for implementation Audit measure (percentage and numbers) 

Screening examinations  
on time

Eligible infants that have received a first screening 
examination on time, as specified in the guideline  

(section 3.2.1)

Timing of subsequent examinations 
(at least weekly) 

Infants re-examined at least weekly (after the first examination) 

as specified in the guideline (section 3.2.2)

Timing of subsequent screening (at 
least every two weeks)

Infants re-examined at least every two weeks (after the first 

examination) as specified in the guideline (section 3.2.2)

Rescheduling of examinations
Infants rescheduled to have an examination by one week 
following deferral for medical reasons

Termination of ROP screening 
Infants with ROP who have signs of regression noted on at 
least two successive examinations

Transferred infants
Infants transferred with written details of screening 
status and the need/arrangements for further screens 
documented in the transfer summary

Parent information

Parents/carers of infants meeting screening criteria have 
both discussion with clinical staff and provision of parent 
information leaflet about ROP screening before the first 
examination
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Key priority for implementation Audit measure (percentage and numbers) 

Discharged infants
Eligible infants for whom an outpatient appointment has 
been arranged prior to discharge  

Reschedule of missed  
outpatient appointments 

Infants rescheduled for screening by one week following 
failure to attend for screening at the scheduled time 

5.4 Research Recommendations
  In the last decade, there have been major advances in ROP screening with scope for further 

improvement. Several topics have been considered by the GDG which could improve and 
simplify ROP screening services further.

  Screening

• Establish a UK-based study on the application of different risk algorithms to inform the 
selection for screening.

• Determine robust method(s) which enable screening to be safely discontinued.

  Digital imaging

• Establish a UK-based study on the effectiveness and safety of telemedicine services in 
screening for RW-ROP and TW-ROP.

• Establish whether WFDRI is reliable when exclusively used for ROP screening. Establish if 
a confirmatory examination by BIO is needed to determine the termination of screening 
examinations.

• Develop further methods for analysis, including artificial intelligence of the retina based 
on digital imaging, including optical coherence tomography (OCT). OCT has been 
demonstrated to be of value in the characterisation of stage 4 ROP199.

• Establish the role and safety of intravenous fluorescein in ROP screening examinations 
and treatment. 

  Service organisation 

• Establish whether outpatient ROP screening facilities and expertise currently available in 
UK are safe and, if necessary, what further developments are needed.

• Develop and/or extend existing electronic platforms to record ophthalmic information 
including data on examination and treatment outcomes that can be reviewed by 
experts. 

• Establish a UK-based ROP database/registry that includes details of screening, treatment 
and outcomes.
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Appendix A: Scope 
Background

  The guideline to which this scope relates will be a revision of the screening component 
of the 2008 Guideline and will involve members of the RCPCH and representatives from 
relevant organisations. The treatment component of the 2008 Guideline will be revised by 
the Royal College of Ophthalmologists.

Clinical need for updating the guideline

  The current guideline was published in 2008 and, since then, new research may be available. 
The clinical recommendations proposed in 2008 are now due to be reviewed to ensure they 
are in line with any new evidence and any current clinical practices.

Guideline objectives

 The aims of the guideline are:

• to evaluate and summarise the clinical evidence relating to the screening of ROP

• to provide evidence-based recommendations for the screening of ROP

• to provide information for parents and carers on the screening of ROP

• to produce good practice points based on the consensus of the GDG in areas where the 
research evidence is lacking.

Audience

  Population covered

  The guideline covers all infants at risk of developing ROP, which includes all infants born 
at less than 31 weeks gestation or with a birthweight of less than 1501g, irrespective of sex 
or comorbidities. The age range of the at-risk period for the development of treatment-
requiring ROP is broadly PMA of 30 to 50 weeks.

  Target audience

  The guideline is primarily aimed at neonatal and ophthalmic teams but also provides a 
resource for all healthcare professionals involved in the screening for ROP. The guideline has 
been developed for use within the UK healthcare environment. Although the guideline will 
not be directly aimed at parents of infants with ROP, their needs have been considered both 
within the guideline and in the parent information leaflet.
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  Healthcare setting and services

  This guideline is for use in secondary and tertiary healthcare settings in which the screening 
and diagnosis of infants at risk of ROP takes place.

  Key areas of management

  The guideline will contain a background section which will include the historical perspective, 
epidemiology, clinical features and a summary of the aetiology and risk factors for ROP. This 
section is for reference and will not include evidence-based recommendations.

 The evidence-based guidance will include the following key areas of management:

  a) Screening 

 Recommendations in this section will consider the following areas:

• Criteria for entry into the screening programme (including birth weight and  
gestational age).

• Timing of the first screening examination. 

• Ophthalmic criteria for the frequency of screening examinations.

• Ophthalmic criteria for the termination of the screening programme.

• Arrangements for the first screening or continuing screening for infants who have 
been transferred or discharged home (including content of transfer communications 
regarding ROP status and recommendations for screening between units where the 
neonate is being transferred).

• Training and expertise of ROP screeners.

• Methods of screening (e.g., digital imaging; telemedicine vs indirect ophthalmoscopy).

• Measures to calm the infant including sucrose, wrapping, topical anaesthesia and 
expressed breast milk.

• What information should be provided for parents and when.

  Other recommendations are likely to include the risks associated with screening and the impact 
of these risks with regard to the screening location, management of the infant prior, during and 
after screening, and the associated resources e.g., equipment, competencies of staff. 

  b) Information for parents

  Throughout the guideline the issues around communicating with parents will be 
considered. If it seems appropriate, a separate section in the main guideline on how the 
healthcare team should communicate with parents may be included to address the process 
of providing information to parents regarding screening and diagnosis. Information will 
also be included on parental consent, parental information, support and counselling, and 
screening outcomes.
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   c) Recommendations for further research

 The guideline will also include suggestions for further research.

  Clinical management – areas that will not be covered

• Detailed discussion of the aetiology and risk factors for ROP (this area was also outside 
the scope for the current 2008 Guideline).  

• Methods for preventing or reducing the incidence of ROP (this area was also outside the 
scope for the current 2008 Guideline).

• Clinical management of infants with ROP (this area was also outside the scope for the 
current 2008 Guideline).

• The follow-up of preterm infants in general (this area was also outside the scope for the 
current 2008 Guideline).

• First ROP treatment and long-term management of ROP (this area is excluded from this 
scope as the review of ROP treatment is being led by the RCOphth in close collaboration 
with the RCPCH).

• Health economist assessment, including the cost effectiveness of ROP screening in the 
guideline (this area was also outside the scope for the current 2008 Guideline).

• Evidence for organisational issues will not be reviewed directly; however, 
recommendations may be developed where appropriate (this area was also outside the 
scope for the current 2008 Guideline). 

  Audit support within the guidance

  The guidance aims to review existing key criteria for audit, which will enable objective 
measurements to be made of the extent and nature of local implementation of this guidance. 
Key recommendations for implementation will be highlighted and tools for implementation 
of the guideline may also be included.
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Appendix B: Method 
Guideline methodology

  The guideline update has been developed according to the NICE accredited RCPCH guideline 
process manual titled: ‘Setting Standards for the Development of Clinical Guidelines in 
Paediatrics and Child Health, 2020’1.

  The update followed standard guideline developmental stages. After agreeing the scope, 
a Guideline Development Group (GDG) was appointed to oversee the development of the 
guideline.

  The guideline has been developed for ophthalmic and neonatal teams caring for infants 
who are at risk of developing ROP within the UK. It is not intended for use outside of the 
UK because the characteristics of infants developing ROP in less developed countries are 
different from those in more developed countries3, and the evidence reviewed for the 
guideline was restricted to studies undertaken in the top 30 countries in the United Nations 
Human Development Index.

  The guideline is a resource for all those involved in the organisation, management, and 
delivery of ROP services in the UK. The guideline is also accompanied by an information 
leaflet for parents on the screening for ROP (Appendix H).

  Wherever possible, the recommendations and good practice points have been drafted so that 
they can be implemented in all UK healthcare settings where care is provided for infants at 
risk of developing ROP. However, it is appreciated that service provision and organisation may 
differ according to local needs and resources, and some good practice points may need to be 
adapted to reflect these local circumstances.

  Developing the clinical questions

  The GDG reviewed and updated the clinical questions from the scope of the 2008 Guideline. 
The technical team at the RCPCH prepared a protocol in which the previous literature 
searches were refined and updated. The review questions were developed from a framework 
which identified the population, intervention, comparison and outcome as areas on which 
the guideline should focus (the full list of clinical questions is included in Table 3).
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   Table 3. Clinical questions

Topic area Evidence Questions

1. Purpose and 
benefits of ROP 
screening

What is the evidence that screening for ROP identifies infants at risk of 
developing sight-threatening ROP?

What is the evidence that treatment of infants identified as having sight-
threatening ROP as part of a screening programme prevents visual 
morbidity?

2. Screening  
criteria

Below what birth weight is an infant at risk of developing sight-threatening ROP?

Below what gestational age is an infant at risk of developing sight-threatening 
ROP?

How effective is a risk model analysis in identifying infants that should be 
entered into a screening programme?

3. ROP screening  
protocol

What is the earliest postnatal/postmenstrual age that an ophthalmic 
examination gives a clear view of the retina?

What is the earliest postnatal/postmenstrual age that ROP can develop?

What is the earliest and latest postnatal/postmenstrual age that sight-
threatening ROP (stage 3) develops?

What is the relationship between gestation/birthweight and the rate of 
retinal vascularisation?

4. Subtopic Area –  
Continued screening:

What stages of ROP, location and extent of ROP have the potential to 
become sight threatening?

What are the ophthalmic criteria that the infant is no longer at risk of sight-
threatening ROP?

5. Subtopic Area –  
Interval between  
screening 
examinations

What are the factors affecting the rate of ROP progression?

How long can it take for ROP defined as non-sight threatening to become 
sight threatening?

Are there any groups of infants at risk of rapid progression of ROP?

6. ROP screening  
examinations

What clinical adverse events have been reported in association with ROP 
screening (including adverse drug reactions (ADRs) to eye drops)?

In which group of infants have adverse clinical events during or shortly after 
ROP screening been reported?

7. Training and 
expertise  
for ROP screeners

What training and experience should be gained prior to starting screening?

What training and experience is needed for the continuation of screening?

How should training for ROP screening be conducted?
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Topic area Evidence Questions

8. Screening  
technique

What are the benefits/risks for each screening technique with regard to 
view of retina, ease of use, etc.?

What evidence is there that suggests that screening causes distress and, if 
so, what measures can be taken to prevent it?

What are the risks/benefits of using a lid speculum and scleral indentor?
How should the results of the screening examination best be recorded?

9. Responsibilities  
and organisation  
of services

What are the elements of a successful screening programme?

How should the screening programme be organised?

What skills and expertise should those responsible for the screening 
programme have?

10. Screening in 
infants transferred 
or discharged home 
before screening is 
complete

What is the prevalence of ROP-related visual morbidity in infants 
discharged home or transferred to another hospital compared to other 
groups?

What information should be handed over during transfer of infants and 
who should be responsible for ensuring this occurs?
What is the did not attend (DNA) rate at follow-up ROP screening 
appointments post hospital discharge?
What family and infant factors are associated with ROP clinic non-
attendance?

Are there any interventions to improve clinic attendance by families with 
infants at risk of ROP?

11. Information 
for parents about 
screening

What information should hospital staff give to parents and carers before 
screening?

When should parents and carers receive information about screening?
Is informed consent required for screening?

Should parents be invited to attend screening examinations?

  Identifying the evidence 

  The review questions formed the starting point for systematic searches of the relevant 
evidence. All literature searches were conducted on core databases MEDLINE, EMBASE, 
EmCare, Cochrane Library Cochrane Central Register of Controlled Trials (CENTRAL) and 
CINAHL (Cumulative Index to Nursing and Allied Health Literature).

  Searches were limited to the English language. There was no searching of grey literature, nor 
was hand searching of journals undertaken. The initial searches were performed during the 
period from 01 January 2007 until 21 November 2019 and were followed by two consecutive 
re-runs performed up to 27 July 2021.
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  Reviewing and synthesising the evidence

  Evidence relating to the review questions was initially identified by the RCPCH Research 
and Evidence team by screening the titles and abstracts of publications against the 
inclusion criteria, with any discrepancies settled by a third member. Full text articles were 
then obtained directly from the publisher, the British Library or as freely available online. 
At full text review each publication was screened by either two GDG members or by one 
GDG member and one member of the technical team and then the relevant information 
extracted. 

  Full text articles were reviewed against pre-specified inclusion and exclusion criteria 
(Appendix B) to identify studies that addressed the review questions in the appropriate 
population and reported outcomes of interest. Publications were critically appraised 
using checklists developed by the Critical Appraisal Skills Programme (CASP) checklists 
for different study types (i.e., randomised controlled trials (RCT), case-control, and cohort 
studies). Key information about the study’s population, methods and results were extracted 
using a proforma. 

  Extracted data were placed into evidence tables and used by the GDG members to develop 
recommendations which were reviewed and agreed by the GDG (Appendix C for evidence 
tables).

  Developing recommendations

  GDG meetings were held to discuss the evidence identified, and recommendations were 
formed and refined during these meetings. When formulating the recommendations, 
summaries of the evidence were presented, and the updated recommendations were 
linked to the new evidence.

  Evidence-based recommendations were developed taking into consideration findings from the 
evidence review and were graded according to the strength of the evidence. To ensure consistency, 
as this guideline is an update, the formulation of recommendations followed an adaptation 
of the SIGN grading hierarchy200 (Table 4) used in the 2008 Guideline. Each recommendation 
indicates the corresponding level of evidence and recommended grade. Where there was no 
strong evidence, either of low quality or non-existent, those recommendations were agreed 
by the GDG as good practice points (GPP) through an informal consensus process. Each 
recommendation is presented stating the level of evidence and grade of the recommendation. 
For evidence-based recommendations, the strength of the recommendation is presented 
with action verbs or ‘should’ for strong recommendations and ‘consider’ or ‘may’ for moderate 
recommendations. For good practice points where no strong evidence was identified, the 
wording of the recommendation has been presented as agreed by the GDG during an informal 
consensus process and identified clearly as a GPP in brackets. 

  The GDG also identified areas where there was a lack of evidence and suggested 
recommendations for future research.
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   Table 4. Levels of evidence 

SIGN Grading 
Hierarchy /
Adapted  

Level of evidence 

A - High

At least one meta-analysis, systematic review, or RCT rated as 1++, and directly 
applicable to the target population; or
A systematic review of RCTs or a body of evidence consisting principally 
of studies rated as 1+, directly applicable to the target population, and 
demonstrating overall consistency of results

B - High
A body of evidence including studies rated as 2++, directly applicable to the target 
population, and demonstrating overall consistency of results; or
Extrapolated evidence from studies rated as 1++ or 1+

C - Moderate 
A body of evidence including studies rated as 2+, directly applicable to the target 
population and demonstrating overall consistency of results; or
Extrapolated evidence from studies rated as 2++

D - Low
Evidence level 3 or 4; or
Extrapolated evidence from studies rated as 2+

GPP
Low or none. Based on informal GDG consensus and consultation with 
stakeholders

Specific levels of evidence:

1++  High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk 
of bias

1+   Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of 
bias

1 -  Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias

2++  High-quality systematic reviews of case-control or cohort studies

   High-quality case-control or cohort studies with a very low risk of confounding, bias, 
or chance and a high probability that the relationship is causal

2+  Well-conducted case control or cohort studies with a low risk of confounding, bias, or 
chance and a moderate probability that the relationship is causal

2 -  Case control or cohort studies with a high risk of confounding, bias, or chance and a 
significant risk that the relationship is not causal

3  Non-analytic studies, e.g., case reports, case series

4  Expert opinion
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  Guideline consultation 

  The scope was sent for consultation to stakeholders and relevant specialty groups from 10 
June 2019 until 1 July 2019, and numerous comments were received. 

  The draft guideline consultation took place between 30 June 2021 and 2 August 2021. During this 
time stakeholders and members of the RCPCH consultation panel were given the opportunity 
to comment on the guideline. Following the consultation, all comments were collated and 
considered by the GDG members, changes were made after an informal consensus.

Stakeholder Involvement

  A number of organisations were invited to be involved in the development of the guideline 
as key stakeholders. Some of the guideline’s key stakeholders identified representatives who 
were invited to become members of the GDG. The stakeholders were formally invited at the 
beginning of the development, involved in the consultation on the scope and draft of the 
guideline, and were informed on the progress at different stages during the development. 
A full list of stakeholders is included on page 4 of the guideline. 

  Parent/carer lay member participation

  The guideline sought to involve parents and carers from the outset. The GDG included two 
parents with children who had undergone screening for ROP. They were able to feed into 
every aspect of the development process, including helping to formulate recommendations 
and review the evidence, they were also closely involved during the update of the Parent/
Carer Information Leaflet. The GDG and stakeholder representatives also included parent, 
carer, and patient information charities.

  Parent engagement workshop

  Two parent engagement workshops were conducted to reflect the needs and experiences 
of families in the update of the Parent/Carer Information Leaflet. Discussions were centred 
on the content, format, and best language to present the information needed for families 
before ROP screening commenced. Their feedback was collated and carefully considered by 
the GDG.

Conflicts of Interest

  Any conflicts of interest were recorded from all member of the Guideline Development 
Group and from all reviewers assisting with the critical appraisal of the literature for this 
guideline. Full details can be found in Appendix D.

Updating the Guideline

  This guideline will be updated within five years of the publication date, or earlier if additional 
evidence which has the potential to impact the recommendations becomes available.
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Guideline Dissemination

 The guideline content is presented in four formats:

• The full guideline can be downloaded from the RCPCH website www.rcpch.ac.uk/ROP.

• The executive summary highlighting the key recommendations for implementation is 
available as a separate document www.rcpch.ac.uk/ROP. 

• A parent/carer information leaflet is available at www.rcpch.ac.uk/ROP.

• A peer-reviewed article with a summary of the screening and treatment guidelines and 
their recommendations will be submitted to relevant journals for wider dissemination.

Search Strategy 

 Medline search to be adapted for each database.

  Screening indications

1. exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4 [ All ROP ]
6. neonatal screening/
7. Mass Screening/
8. limit 7 to “all infant (birth to 23 months)”
9. screen$.tw.
10. exp retinopathy of prematurity/di
11.  or/6,8-10 [ All screening ]
12. exp retinopathy of prematurity/ep
13. or/11-12 [ All screening & ROP/ep ]
14. (age adj2 onset).tw.
15. exp age of onset/
16. exp gestational age/
17. (chronolog$ adj age).tw.
18.  (((post adj natal) or postnatal) adj age).

tw.
19. (postconcept$ adj age).tw.
20. (post adj concept$ adj age).tw.
21.  (((post adj menstrual) or postmenstrual) 

adj age).tw.
22. (gestational adj age).tw.

23. exp birth weight/
24. (birth adj weight).tw.
25.  ((“1” or “2” or “3” or “4” or “5” or “6” or “7” 

or “8” or “9” or “0”) adj2 (g or gr or gram$ 
or kilo$)).tw.

26. or/14-25 [age and weight variables]
27.  (screen$ adj5 (criteri$ or indicat$ or 

guidelin$)).tw. [ screening + criteria 
txtwords ]

28. incidence/
29. prevalence/
30. incidence.tw.
31.  prevalence.tw.
32.  (occur$ or indication$ or criteria$ or 

guidelin$ or recommend$).tw.
33.  or/28-32 [ indications, criteria or 

guidelines, recommend ]
34.  (natural adj (history or course or 

develop$)).tw.
35. and/5,27 [ ROP & screening + txtwrds ]
36. and/5,34 [ ROP & natural course ]
37.  and/5,13,26,33 [ ROP & screening & age 

and weight & indications ]
38. or/35-37 [ All screening indications ]

www.rcpch.ac.uk/ROP
www.rcpch.ac.uk/ROP
www.rcpch.ac.uk/ROP
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Timing of first screen and intervals between ROP screening

1. exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4.  (retrolental adj fibroplasia).mp. 

[mp=title, original title, abstract, name 
of substance word, subject heading 
word]

5. or/1-4 [ All retinopathy of prematurity ]
6. neonatal screening/
7. Mass Screening/
8. limit 7 to “all infant (birth to 23 months)”
9. screen$.mp.
10. exp retinopathy of prematurity/di
11.  exp diagnostic techniques, 

ophthalmological/
12. or/6,8-11 [ All screening ]
13. (age adj2 onset).tw.
14. exp age of onset/
15. exp gestational age/
16. (chronolog$ adj age).tw.
17.  (((post adj natal) or postnatal)  

adj age).tw.
18. (postconcept$ adj age).tw.
19. (post adj concept$ adj age).tw.
20.  (((post adj menstrual) or postmenstrual) 

adj age).tw.

21. (gestational adj age).tw.
22. ((mean or range$) adj age$).tw.
23. or/13-22 [ age related ]
24. (first or initial$ or start$).tw.
25. (time$ or timing).tw.
26.  time factors/
27.  (earl$ or late$).tw.
28.  ((greater or less or equal) adj3 (week$ or 

day$)).tw.
29. ((each or every) adj3 (week$ or day$)).tw.
30. or/24-29 [ timing ]
31.  ((time$ or timing) adj3 (exam$ or 

screen$)).tw.
32.  ((first or subsequent$ or start$ or 

seque$ or moment$ or initial$) adj3 
(screen$ or exam$)).tw.

33. or/31-32 [timing + screening text words]
34.  (natural$ adj3 (history or course or 

develop$)).tw.
35.  and/5,12,23,30 [ROP, Screening, timing & 

age factors]
36.  and/5,33 [ROP & screening & timing text 

words]
37. and/5,34 [ROP & natural development]
38. or/35-37 [ All ROP Screening Timing ]

Termination of ROP screening

1. exp retinopathy of prematurity/
2.  (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4 
6. neonatal screening/
7. Mass Screening/
8. limit 8 to “all infant (birth to 23 months)”
9. screen$.mp.
10. exp retinopathy of prematurity/di
11.  exp diagnostic techniques, 

ophthalmological/
12. or/7,9-12 
13. exp retinopathy of prematurity/ep
14. or/13-14 [ Screening plus epidemiology ]

15.  ((end$ or last or final or initial$ or 
subsequent$ or sequen$ or termin$ 
or finish$ or conclu$) adj2 (exam$ or 
screen$)).tw.

16.  (no$ adj (subsequent$ or further$) adj2 
(exam$ or screen$)).tw.

17. ((exam$ or screen$) adj2 interval$).tw.
18.   (subsequent$ adj2 (exam$ or screen$)).

tw.
19.  (frequen$ adj2 (exam$ or screen$)).tw.
20. or/16-20 [Screening + timing]
21. exp gestational age/
22. (chronolog$ adj age).tw.
23.  (((post adj natal) or postnatal) adj age).

tw.
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24.  (postconcept$ adj age).tw.
25. (post adj concept$ adj age).tw.
26.  (((post adj menstrual) or postmenstrual) 

adj age).tw.
27. (gestational adj age).tw.
28.  (onset adj (pre-threshold or 

prethreshold or (pre adj threshold) or 
stage or involution)).tw.

29.  ((“1” or “2” or “3” or “4” or “5” or “6” or “7” or 
“8” or “9” or “0”) adj2 (day$ or week$ or 
month$)).tw.

30.  ((“1st” or “2nd” or “3rd” or “4th” or “5th” or 
“6th” or “7th” or “8th” or “9th” or “0th”) 
adj2 (day$ or week$ or month$)).tw.

31. or/22-31 [Age Related]

32.  (end$ or last or final$ or initial$ or 
termin$ or finish$ or conclude$).tw.

33. (time$ or timing or timel$).tw.
34.  time factors/
35. (earl$ or late$).tw.
36.  ((greater or less or equal) adj3 (week$ or 

day$)).tw.
37. ((each$ or every$) adj3 (week$ or day$)).
tw.
38. or/33-38 [Timing]
39.  (natural$ adj3 (history or course or 

develop$)).tw.
40.  and/5,15,32,39 [ ROP & screening & age & 

timing ]
41. and/5,21 [ ROP & screening + timing ]
42.  and/5,40 [ ROP & natural development ]
44. or/41-43 

Screening methods 

1. exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4
6. neonatal screening/
7.  Mass Screening/
8.  limit 7 to “all infant (birth to 23 months)”
9. screen$.mp.
10. exp retinopathy of prematurity/di
11.  exp diagnostic techniques, 

ophthalmological/
12. or/6,8-11 
13. exp physical examination/
14.  exp anesthetics, local/

15. exp anesthesia, local/
16. exp photography/
17. exp mydriatics/
18. retcam$.tw.
19. ultraso$.tw.
20. (scleral adj indent$).tw.
21. ophthalmoscop$.ti.
22. or/13-21 [screening_techniques]
23.  ((ophthalmascop$ or retcam$ or 

photo$ or ultra$) adj2 (exam$ or 
screen$)).tw.

24. and/5,12,22
25. and/5,23
26. or/24-25 
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Screening safety search 

1.  exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4 
6. neonatal screening/
7. Mass Screening/
8. limit 7 to “all infant (birth to 23 months)”
9. screen$.mp.
10. exp retinopathy of prematurity/di
11.  exp diagnostic techniques, 

ophthalmological/
12. or/6,8-11 
13. exp crying/
14.  exp pain/
15. exp stress/
16. exp vomiting/
17. exp safety/
18. cry$.tw.
19. pain$.tw.

20. stress$.tw.
21. pulse.tw.
22. vomit$.tw.
23. safe$.tw.
24. infect$.tw.
25. or/13-24 
26.  exp diagnostic techniques, 

ophthalmological/ae
27. exp physical examination/ae
28. exp anesthetics, local/ae
29. exp anesthesia, local/ae
30. neonatal screening/ae
31. exp photography/
32. exp mydriatics/ae
33.  exp diagnostic techniques, 

ophthalmological/ae
34. or/26-33
35. and/5,12,25
36. and/5,34
37. or/35-36 

Transfer and discharge

1. exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4 
6. exp patient transfer/
7. exp patient discharge/
8. exp patient compliance/

9. exp “Referral and Consultation”/
10. discharged.tw.
11. referred.tw.
12. transfer$.tw.
13. (move or moved).tw.
14. or/6-13 
15. and/5,14 

Organisation of services 

1. exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4 
6. exp patient care planning/
7. “Health Care Costs”/
8. “Health Planning”/
9. Cost-Benefit Analysis/

10.  (organi$ or planning or responsibilit$ or 
servic$).tw.

11. or/6-10 
12.  “Intensive Care Units, Neonatal”/og or 

“Intensive Care, Neonatal”/og
13. and/5,12
14. og.fs.
15. and/5,14
16. and/5,11
17. or/13,15-16
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Training and expertise

1. exp retinopathy of prematurity/
2. (retinopathy adj2 prematurity).tw.
3. retrolental fibroplasia/
4. (retrolental adj fibroplasia).tw.
5. or/1-4 
6. education, medical/
7. exp professional competence/
8. (train$ or competen$).mp.

9.  (educat$ adj3 (continu$ or inserv$ or 
medical$ or vocation$)).tw.

10.  ((clinic$ or employ$ or profession$ or 
staff$) adj3 (competen$ or develop$ or 
educat$ or learn$ or retrain$ or skill$ or 
train$)).tw.

11. or/6-10 
12. and/5,11

Parent education

1. “Vision Disorders”/
2. exp eye diseases/
3. retinopathy of prematurity/
4. or/1-3 [Eye Diseases]
5. Infant, Premature/
6. *Infant, Premature/
7. parents/
8. fathers/
9. mothers/
10. single parent/
11. or/7-10
12. “Patient Education”/
13. “Information Services”/
14. “Patient Care Team”/
15. “Internet”/
16. Health Education/

17. information dissemination/
18. exp education/
19. mothers/ed
20. parents/ed
21. or/12-20 [Informational Interventions]
22. *mothers/ed or *parents/ed
23.  and/6,22 [Premature neonates and 

parent/ed]
24.  and/6,11,18 [Premature & parent & 

education]
25.  and/4-5,11,21 [eye diseases & neonate & 

information & parent]
26.  and/4,11,21 [eye diseases & information & 

parent]
27. and/3,21 [ROP & information]
28. or/23-27 
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Inclusion/Exclusion Criteria

 The inclusion criteria used in this update of the review are listed in the table below.

  General criteria

Inclusion Exclusion

Studies published between 2007–2021 Studies prior to 2007 

Randomised controlled trials Comments

Case controls Annotations

Case series Letters not containing data

Meta-analysis Commentaries

Systematic review Editorials

Cohort studies
Studies on patients not included in the  
guideline population

Primary studies on less than five individuals
Studies describing populations not from the top 
30 United Nations Human Development Index

  Databases

Databases Time period searched

CINAHL (Cumulative Index to Nursing  
and Allied Health Literature)

2007 – 2021

Cochrane Central Register of  
Controlled Trials (CENTRAL)

2007 – 2021

EMBASE 2007 – 2021

MEDLINE In-Process and Other  
Non-Indexed Citations

2007 – 2021

EmCare 2007 – 2021
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Appendix C: Evidence Tables
Table 5. Evidence on screening criteria

Author, year 
Country

Title Study type
Evidence level

Summary of study

Adams, 2017
UK

Treatment trends for 
retinopathy of prematurity 
in the UK: Active surveillance 
study of infants at risk

Prospective 
cohort
Level 2++/
Moderate

8112 infants were screened in a 12-month study of infants treated for ROP in UK. 327 required treatment 
with BW<1500g. Median (IQR) GA=25wks (24.3-26.1), BW=706 (620-821g). PNA at first treatment was 
80 days (71-96). 8 infants with GA=30 wks or above required treatment although this did not reach GA 
above 31 wks or BW>1500g. Earliest treatment was day 40 PNA (GA=30+1wks, BW=1009g).

Adams, 2018
UK

Can we reduce the burden of 
the current UK guidelines for 
retinopathy of prematurity 
screening?

Prospective 
cohort
Level 2++/
Moderate

8767 infants were screened in a UK 12-month prospective national cohort of treated infants (Adams 2017). 
Scenarios that would not have missed any infants treated were as follows: a) less than 32wks OR less than 
1251g (would screen 11.1% fewer infants). b) less than 31wks or less than 1501g (would screen 12.6% fewer 
infants). c) less than 32wks GA as only criterion (would screen 14.7% fewer infants).

Chow, 2019
Hong Kong

Trends in the incidence of 
retinopathy of prematurity 
over a 10-year period

Retrospective 
cohort
Level 2+/
Moderate 

754 infants were screened, 234 had any ROP and 34 developed Type 1. Mean GA was 26 wks 4 days 
(range<28–≥32), BW (range 600–1240g). There was no case treated in the BW>1250g group. Type 1 ROP 
risk is very low for GA>30 wks in all 5 time periods (1.2 and 1.8%). 3 infants GA>30 wks required treatment 
(GA=32wks, BW=650g; GA=31wks, BW=1200g, GA=30+3wks, BW=1240g). Earliest PMA when infants were 
detected as requiring treatment was 32wks 4 days.

Dhaliwal, 2008
UK

Incidence of retinopathy 
of prematurity in Lothian, 
Scotland, from 1990 to 2004

Prospective 
cohort
Level 2++/
Moderate

1363/1450 infants of GA less than 32wks and/or BW 1500g born to mothers resident in Lothian 1990–
2004 were screened. 6 were treated with BW between 1000–1249g. No infants with BW 1250–1499g 
were treated. Maximum GA=30wks and BW=1190g. No infants GA=30wks or above were treated.

Dhaliwal, 2009
UK

Retinopathy of prematurity 
in small-for-gestational 
age infants compared with 
those of appropriate size for 
gestational age

Retrospective 
cohort
Level 2+/
Moderate

1413/1748 infants were screened. All had GA <31wks (range 26–31) and BW<1500g. In the 1st examination 
the earliest PNA was 4–6wks or PMA 34wks. 147 reached stage 3 ROP and 94 were treated 329/1413 
(23%) were SGA. SGA 26–31wks more likely to develop severe ROP (p=0.01) than AGA. One infant had GA 
30 wks and BW 1040g. Earliest PMA when treatment-required was 32.85wks.

Gerull, 2018  
Switzerland

Prediction of ROP treatment 
and evaluation of screening 
criteria in VLBW infants: A 
population based analysis

Retrospective 
cohort
Level 2+/
Moderate 

6719 infants were screened (all BW<1500g). 22 infants were treated, 13 with GA≥27 0/7, 6 with GA≥28 0/7, 
and 3 with GA≥29 0/7wks. Screening criteria: GA<32wks, BW<1500g and PNA 4–5wks. All infants had 
GA>30wks: 1 infant with BW>1500g (born with mesoblastic nephroma) and 2 infants BW=1300g and 
BW=1370g with no other birth conditions. Earliest PMA when treatment-required was 32.85wks.

Giannantonio,  
2008
Italy

An epidemiological 
analysis of retinopathy of 
prematurity over 10 years

Retrospective 
cohort
Level 2+/
Moderate 

607 infants were screened (all BW<1500g). 85 infants reached stage 3 ROP, 34 were treated. No infant born 
GA>30wks or BW>1250g required treatment. Severe ROP in GA 27–28wks group: 31.4% (1999 period) to 23.2% 
(2004 period). GA 29–30wks group: 7.7% (1999 period) to 3.6% (2004 period) in the GA 24–26wks group, 58.3% 
(1999 period) and 72.5% (2004 period). No infant born GA>30wks or BW>1250g required treatment.
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Han, 2019
New Zealand

Incidence of retinopathy of 
prematurity in Christchurch 
Hospital, New Zealand over 
a 10-year period

Retrospective 
cohort
Level 2+/
Moderate 

544 infants were screened. 37 infants (6.8%) reached stage 3 ROP GA (24–26wks) and BW (680–950g) 
and 11 (2%) were treated over a 10-year period. All treated infants had BW=750g (510–1060) treated 
and GA=23–30wks. No infants with any type or severe ROP had GA=30 or above. No earliest PMA at 
treatment reported.

Holmstrom, 
2012
Sweden

Swedish national register for 
retinopathy of prematurity 
(SWEDROP) and the 
evaluation of screening in 
Sweden

Retrospective 
cohort
Level 2+/
Moderate

1784 infants were screened. 152 developed severe ROP (stage 3–5): mean GA=25.1wks (range 22–31wks). 
78 were treated, mean GA=24.3wks (range 22-28wks). No infants GA=30wks or above required 
treatment. Earliest PMA at ‘almost treatment’ was 36.6wks, 5.7wks PNA. Earliest PMA when detected 
need for treatment was 32.3wks PMA, 7.3wks PNA. No infants GA=30wks or above required treatment.

Holmstrom, 
2015
Sweden

Evaluation of new guidelines 
for ROP screening in 
Sweden using SWEDROP: A 
national quality register

Prospective 
cohort
Level 2++/
Moderate

1744 infants were screened, 95.8% population covered. 151 reached stage 3 ROP: GA roughly 25wks 
(range 22–30wks). No infants GA=30wks or above required treatment. Earliest PMA when stage 3 was 
detected was 31.1wks. Earliest PMA when need for treatment was detected was 32.1wks.

Holmstrom, 
2020
Sweden

New modifications of 
Swedish ROP guidelines 
based on 10-year data from 
the SWEDROP register

Prospective 
cohort
Level 2++/
Moderate

7249 infants GA<31wks were screened. 440 were treated for ROP. Median BW 1109.5g (range 307–
3245g), Median GA 28.3wks (range 21.6–30.6wks). No infants GA=30 or above required treatment. Earliest 
stage 3 ROP was detected at PMA 31.7wks and PNA was 4.9wks. Earliest treatment requiring ROP was 
detected at PMA 32.1wks and 7.0wks PNA.

Isaza, 2013
Canada

Incidence of retinopathy of 
prematurity and risk factors 
among premature infants 
at a neonatal intensive care 
unit in Canada

Retrospective 
cohort
Level 2+/
Moderate 

423/503 infants were screened with GA<32 wks and/or BW<1000g. 39 infants reached stage 3 ROP 
mean BW=730.3g (range 500–1095g), mean GA=25.2wks (range 23-28). 24 (5.67%) were treated.

Iu, 2017
Hong Kong

Screening for retinopathy of 
prematurity and treatment 
outcome in a tertiary 
hospital in Hong Kong

Case series
Level 3/Low

89/92 infants were screened. Mean GA=30+2 wks (SD 16.5) (range 24+1 to 35+5). Mean BW=1285g (SD 
328) (range 580– 2030), 52.8% male. First ROP screening performed at 30 to 31 wks PMA for infants born 
before GA=27wks, and at 4 to 5 wks PNA for infants born at or after GA=27wks. 15 (16.9%) developed ROP 
at a mean GA=34wks, 3 stage 3 and 3 (3.4%) required treatment. 3 stage 3 BW<1000g and GA<28 and 
3 needed treatment, 3<1000g and GA<28. No infants GA=30wks or above required treatment. Earliest 
PMA Stage 3 ROP detection 38(+6) wks. Earliest PMA at treatment 39(+2) wks.

Kemper, 2015
USA

Retinopathy of prematurity 
risk prediction for infants 
with birth weight less than 
1251 grams

Case series
Level 3/Low

1239 infants were screened. 124 reached type 1 ROP and needed treatment. 33% had GA 25wks or less, 
10% had GA 26-27wks, 4% with GA 28-29wks. No infant of GA 30 wks reached type 1 disease. All BW less 
1251g. By 40wks PMA, 51% with GA≤27wks still needed subsequent exams. No infants GA=30 or above 
required treatment.

Table 5. Evidence on screening criteria
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Larsen, 2020 
Germany

Incidence of retinopathy of 
prematurity in Germany: 
Evaluation of current 
screening criteria

Retrospective 
cohort
Level 2+/
Moderate

91,551 infants are recorded that received ROP screening in Germany in the years 2010 to 2017. 52,461 
VLBW BW<1500g. 17,347 GA ≥30 wks. 1,505 developed TW-ROP. 21 had GA≥30wks (0.04% of screened 
infants, 1.40% of treated infants. 13/21 with GA=30wks, 3/21 with GA=31wks and 5/21 with GA≥32 wks (BW 
not available). ROP registry cohort 281 treated 2011–2018. 4/281 (1.42%) had GA≥30 wks. 3 with GA=30 
wks, none with GA=31wks, 1 with GA≥32wks. The four were: GA=30+0wks and BW=1450g; GA=30+1wks 
and BW=1249g; GA=30+3wks and BW=860g; GA=37+0wks and BW=1860g. PMA at Treatment. E-ROP 
registry none at PMA31wks, 5 at PMA 32wks.

Luk, 2017
Hong Kong

Retinopathy of prematurity: 
Applicability and compliance 
of guidelines in Hong Kong

Retrospective 
cohort
Level 2+/
Moderate 

602 infants were screened. 23 developed Type 1 ROP requiring treatment, mean GA=26wks (23–32).

Lundgren, 
2014
Sweden

Weight at first detection of 
retinopathy of prematurity 
predicts disease severity

Retrospective 
cohort
Level 2+/
Moderate 

147 infants were screened. 48 developed ROP, 15 were treated, with median BW=600g (range 440–
1000), median GA=24wks. No infants GA 30 wks or above required treatment. Earliest PMA when severe 
ROP was detected was 31+3 wks. Earliest PMA when treatment requirements was detected was 30+6 
wks.

Misra, 2008
UK

Do current retinopathy 
of prematurity screening 
guidelines miss the early 
development of pre-
threshold type 1 ROP in 
small for gestational age 
neonates?

Retrospective 
cohort
Level 2+/
Moderate

105 infants were screened. SGA (11/105) GA (range 26–32 wks), BW (range 542–1363g). Non-SGA (94/105): 
GA (range 23–32 wks); BW (range 550–2210g). ROP detected: 2/11 (18.2%) SGA developed Type 1 ROP (GA 
29 wks, BW 550g) (GA 26 wks, BW 530g) Both SGA infants treated. Non-SGA: 0/94 developed Type 1 ROP 
at the first screening exam. 12/94 non-SGA infants later reached pre-threshold Type 1 ROP and required 
treatment. Median PMA at pre-threshold Type 1 ROP: 33.5 wks in SGA infants and 35.5 wks non-SGA 
infants. No infants GA 30 wks or above required treatment. Earliest PMA at almost treatment: PNA 6 
wks (PMA 35 wks).

Park, 2016 
Republic of 
Korea

Retinopathy of prematurity 
in Korean infants with 
birthweight greater than 
1500 g

Retrospective 
cohort
Level 2+/
Moderate 

201 infants were screened. Screening criteria was GA>30 wks, BW >1500g. 8 with stage 3 ROP (3.98%) 
with mean BW 1578g (SD 0.088) and GA 30.10wks (SD 1.021). 5 infants needed treatment, 2 of them 
GA>32wks, both BW>1500g. One of these had GA=33(+3) wks BW=1730g. Earliest PNA for needing 
treatment 4 wks.

Pierce, 2014
USA

Importance of birth weight 
as a risk factor for severe 
retinopathy of prematurity 
when gestational age is 30 
or more weeks

Retrospective 
cohort
Level 2+/
Moderate 

266 infants were screened, all GA 30 wks or older (30–42). All BW less than 1500g. Of those, 212 infants 
were above GA 30 wks but less than BW 1500g. Only one infant (0.5%) with GA 30 wks or over in this 
cohort developed TW-ROP (GA=32wks, BW=905g). Earliest PMA at treatment was less than 34wks 
(specifics unknown).

Table 5. Evidence on screening criteria
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Quinn, 2016
USA

Changes in course of 
retinopathy of prematurity 
from 1986 to 2013: 
Comparison of three studies 
in the United States

Retrospective 
cohort study
Level 2-/
Moderate

7703/12354 infants were screened (4099 CRYO-ROP, ETROP 6998, E-ROP 1284), BW<1251g. Screened 
by certified ophthalmologists in 10 centres during different time periods in 3 different studies. Defined 
as: Pre-Threshold in CRYO-ROP & ETROP Referral-warranted ROP in e-ROP: 17.8% (CRYO-ROP); 14.3% 
(ETROP); 19.4% (e-ROP), 1234 were diagnosed with plus disease. BW<750g: 39.4% (CRYO-ROP), 31.5% 
(ETROP), 38.8% (e-ROP). BW 750–999g: 21.4% (CRYO-ROP), 13.2% (ETROP), 14.9% (e-ROP). BW 1000–
1250g: 7.3% (CRYO-ROP), 3.9% (ETROP), 3.9% (e-ROP). Percentage of infants who developed any ROP 
(65.8%, 68%, 63.7%). Median GA stage 1 ROP 34.3, 34.1, 34.8 wks in the 3 studies. Median GA stage 2 
ROP 35.4, 35.1, 35.0 wks. Median GA stage 3 ROP 36.6, 36.6, 36.3 wks. Median GA plus disease 36.3, 36.0, 
36.8wks. Median GA pre-threshold/threshold ROP – RW-ROP 36.1, 36.1, 36.1wks.

Taranath, 2016 
Australia

Adequacy of published 
screening criteria for 
retinopathy of prematurity

Retrospective 
cohort
Level 2+/
Moderate

1007 infants were screened at GA<32 wks or BW<1500g. ROP detected: 5.6%, stage 3 (57), stage 4 (1), 
stage 5 (2), 14 treated. Stage 3: BW=1250–1500g (6), BW<1250g (51). Stage 4: BW<1250g (1). Stage 5: 
BW<1250g (2), BW=1250–1500g (6), BW<1250 (51). Screening criteria BW<1250g would have missed 2 
infants with stage 3 ROP. Criteria GA<30wks or BW<1500g would have screened these infants but 
reduced number of infants screened by 24.9%. 1 infant GA>30wks, BW>1250g needed treatment.

Tsui, 2014
USA

Trends in retinopathy of 
prematurity over a 5-year 
period in a racially diverse 
population

Retrospective 
cohort
Level 2+/
Moderate

487/541 infants were screened, 47 reached stage 3 ROP, 64 developed treatment-required ROP. Mean 
GA at treatment was 37 wks (SD 2.3, range 32.6–42.6). One infant with GA>30 wks was treated (details 
not specified). Earliest PMA at treatment 32.6 wks.

Walz, 2016 
Germany 

The German ROP Registry: 
Data from 90 infants 
treated for retinopathy of 
prematurity

Prospective 
cohort
Level 2++/
Moderate

Unknown number screened. Treatment rate for ROP was 3.2% (90 treated). For treated infants, mean 
GA 25 wks (SD 2) (range 22–31 – outlier of 37 wks), mean BW=690g (SD 250), range 340–1860g. 2 infants 
required treatment GA 30 or above, one infant at GA 37 wks was from a twin birth and had intrauterine 
growth restriction with BW 1860g. Of the screened population the earliest PMA at treatment decision 
was 32wks.

Yu, 2020 
USA

Incidence, timing and risk 
factors of type 1 retinopathy 
of prematurity in a North 
American cohort

Retrospective 
cohort. Level 
2+/Moderate

Secondary analysis G-ROP cohorts. 11,463 infants were screened. 677 developed Type 1 ROP. 48.7% 
Caucasian, 28.4% African American, 7.7% Hispanic. 5/1550 GA=30wks developed Type 1 ROP (2 
BW=1000–1250g and 2 BW>1250g). 2/1165 GA=31wks developed Type 1 ROP (both BW>1250g) 1/1028 
GA≥32wks developed Type 1 ROP (BW>1250g). Earliest Type 1 at 30.7wks PMA in an infant GA=25wks. 
Minimum for all other infants was PMA≥32wks.

ROP: retinopathy of prematurity, GA: gestational age, BW: birth weight, PNA: postnatal age, PMA: postmenstrual age, g: grams, wks: weeks, SD: standard 
deviation, TW-ROP: treatment-warranted ROP, RW-ROP: referral-warranted ROP, WFRDI: wide-field retinal digital imaging, SGA: small for gestational age.

Table 5. Evidence on screening criteria



90

UK Screening of Retinopathy of Prematurity Guideline

Table 6. Evidence on screening criteria – Timing of examination

Author, year 
Country

Title Study type
Evidence level

Summary of study

Aikawa, 2013 
Japan

Low incidence of  
sight-threatening retinopathy 
of prematurity in infants born 
before 28 weeks’ gestation at 
a neonatal intensive care unit 
in Japan

Case series
Level 3/Low 

51 infants screened, all less than GA 28 wks. 18/51 had Type 1 ROP. BW between 397–760g and GA 
23.3–26.6wks. Examinations were undertaken between 32.1–33wks PMA, earliest PNA stage 3 ROP was 
34.1wks. Earliest PMA at treatment was 34.6wks.

Austeng, 2010
Sweden

Screening for retinopathy  
of prematurity in infants 
born before 27 weeks' 
gestation in Sweden

Prospective/
longitudinal 
cohort
Level 2++/
Moderate

368/506 infants were screened, 157 right eyes had stage 3 ROP, PMA Median 35.9wks (range 31.6–50.6), 
82 infants diagnosed with plus disease. PMA Median 35.9wks (range 31.7–54.1).

Austeng, 2011 
Sweden

Natural history of 
retinopathy of prematurity 
in infants born before 27 
weeks' gestation in Sweden

Prospective/
longitudinal 
cohort
Level 2++/
Moderate

157/368 infants screened developed stage 3 ROP, PMA range 31.6–50.6wks, 82/368 with plus disease, 
PMA range 31.7–54.1wks. Earliest PMA when almost at treatment stage was 31.6wks. Earliest PMA when 
treatment was required was 32.1wks.

Fukushima, 
2020  
Japan

Characterization of the 
progression pattern in 
retinopathy of prematurity 
subtypes

Retrospective 
cohort
Level 2+/
Moderate 

578 infants were screened, 133 had any ROP. 43 infants had Type 1 with BW=394–1024g and GA= 29.2–
34.1wks. Aggregated Posterior ROP was found in 23 infants with BW 450–802g and GA 22.5–25wks. 
Earliest PMA at onset was 29.2wks. Earliest PMA at initial treatment was detected at 31.1wks.

Isaza, 2012 
Canada

Incidence and severity of 
retinopathy of prematurity 
in extremely premature 
infants

Retrospective 
cohort
Level 2+/
Moderate

207 infants were screened. 134/207 (64.7%) had ROP. 32.5% with GA≤27 wks had stage 3 or worse ROP 
compared to 6.6.% GA 26–27wks. 39 (9.2%) infants reached stage 3 ROP, 24 (5.67%) were treated. Stage 3 
ROP: mean BW 730.3g (range 500–1095), mean GA 25.2wks (range 23–28). Earliest Type 1 ROP detected 
32.6wks.

Kennedy, 2014
USA

Evaluating retinopathy 
of prematurity screening 
guidelines for 24- to 27-week 
gestational age infants

Retrospective 
cohort
Level 2+/
Moderate

997/1121 infants had a ROP outcome, 137 met the criteria for severe ROP, 128 of those had complete data. 
Mean BW 704g (SD 142), mean GA 25.4wks (SD 0.9). 1.4% (14/997) developed severe ROP after discharge. 
Earliest PMA when Type 1 ROP was detected was 32.1wks. Earliest PMA when type 2 ROP was detected was 
29.3wks. Earliest PMA at treatment was 32.1wks. Time of first exam not stated (but before 31–33wks PMA).

Miller, 2014 
USA

Risk and clinical course of 
retinopathy of prematurity in 
78 infants of gestational age 
22-25 weeks

Case series
Level 3/Low 

1206 infants were screened. 78 infants GA between 22–25 wks and BW 464–1120g. 78 were GA ≤25 wks 
and 6/7 days. Timing of the first ROP examination: 6 wks PNA for GA 22–23 wks when clinical condition 
allowed and wks PNA for GA 24–25 wks. Earliest type 1 disease was treated at 33 wks PMA.
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Table 6. Evidence on screening criteria – Timing of examination

Author, year 
Country

Title Study type
Evidence level

Summary of study

Quinn, 2018
USA

Incidence and early 
course of retinopathy of 
prematurity: Secondary 
analysis of the postnatal 
growth and retinopathy of 
prematurity (G-ROP) study

Retrospective 
cohort study
Level 2-/
Moderate 

7483 infants screened at participating centres meeting the criteria: BW<1501g, GA <=30 wks. There were 
2.7% with BW≥1500g and 19.2% with GA>30 wks. Mean BW 1100g, mean GA=23.3 wks. 3908 were male 
(52.2%). 931/7483 infants (12%) with Type 1 and Type 2 ROP, 514/7483 (6.9%) were treated. 925/6043 developed 
sight-threatening ROP (15.3%) had GA<30 wks, 6/1440 developed sight-threatening ROP had GA >30 wks. 
6/947 (1%) BW>1500g developed severe ROP. Of those with Type 1 ROP: stage 3 zone II with plus BW is 
741 ± 217g, stage 3 zone I with plus 644 ± 156g, stage 3 zone I without plus 613 ± 142g. PMA at diagnosis: 
stage 3 zone II with plus 37 ± 2.6, stage 3 zone I with plus 35 ± 1.8, stage 3 zone I without plus 35 ± 1.7. 98.% 
of type 1 or type 2 ROP occurred in infants BW<1251g. Severe ROP developed in 12.5% (BW<1251g). 1% with 
BW≥1501g and 0.4% of G >30 wks developed severe ROP. 0.75% with both these developed severe ROP. 
Overall mean PMA at first diagnosis of type 1 ROP was 36.4 weeks and mean PMA at first diagnosis of type 2 
ROP was 36.6 wks (SD 3.2).Time of commencement of screening not explicitly mentioned but graph shows 
commencement from 30 wks Type 1 & 2 ROP does not appear after 46 wks PMA. <1% of infants diagnosed 
with stage 1 ROP was first diagnosed at mean (SD) PMA of 34.8wks (SD 2.9), stage 2 ROP at mean (SD) PMA 
of 35.5wks (SD 2.7), and stage 3 ROP at mean PMA of 36wks (SD 2.6).

ROP: retinopathy of prematurity, GA: gestational age, BW: birth weight, PNA: postnatal age, PMA: postmenstrual age, g: grams, wks: weeks, SD: standard 
deviation, WFRDI: wide-field retinal digital imaging.

Table 7. Evidence on screening examination – Mydriatics

Author, year 
Country

Title Study type
Evidence level

Summary of study

Kremer, 2020
New Zealand

Randomised controlled 
pilot trial comparing low 
dose and very low dose 
microdrop administration 
of phenylephrine and 
cyclopentolate for 
retinopathy of prematurity 
eye examinations in neonates

Randomised 
controlled trial 
Level 1+/High

RCT to determine whether a lower dose of phenylephrine and cyclopentolate would be sufficient for 
pupil dilation. One group received 1 micro drop of phenylephrine 1% and cyclopentolate 0.2% in each 
eye and the comparison group received one micro drop of phenylephrine 0.5% and cyclopentolate 
0.1%. There were no statistically significant differences between groups, and both had sufficient pupil 
dilation. No statistically significant adverse events were reported in either group, except for an infant 
GA=25wks who developed NEC. Data sets were taken for 16 infants.
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Lux, 2017
France

Combination of 5% 
phenylephrine and 0.5% 
tropicamide eyedrops for 
pupil dilation in neonates 
is twice as effective as 0.5% 
tropicamide eyedrops alone

Randomised 
controlled trial 
Level 1+/High

RCT compares the efficacy of two mydriatic regimens in 30 infants: 1) three drops of 0.5% tropicamide 
(TTT regimen), 2) one drop of 5% phenylephrine and two drops of 0.5% tropicamide (PTT regimen). Pupil 
diameter over cornea diameter was 47.3% (±8.7) with the TTT regimen and 65.9% (±8.8) with the PTT 
regimen (p < 0.0001). Pupil surface over cornea surface was 23.1% (±8.3) with the TTT regimen and 43.8% 
(±7.3) with the PTT regimen (p < 0.0001). Pupil surface area was 1.9 times greater with the PTT than with 
the TTT regimen. Visualisation of the retinal periphery was possible for 30/30 eyes dilated with the PTT 
regimen and for 16/30 eyes dilated with the TTT regimen (p<0.0001). The dilated pupil surface area for 
the combination of 5% phenylephrine and 0.5% tropicamide was almost twice that for 0.5% tropicamide 
eyedrops alone and provided significantly superior quality of the eye fundus examination.

Neffendorf, 
2015 
UK

Efficacy and safety of 
phenylephrine 2.5% with 
cyclopentolate 0.5% for 
retinopathy of prematurity 
screening in 1246 eye 
examinations

rospective 
cohort
Level 2+/
Moderate

Assessment of mydriatics on 138 infants, mean GA 29 wks (range 24–36), mean BW 1234g (range 
585–2400). 98.9% eyes achieved sufficient dilation to enable complete screening. There were no 
systemic adverse reactions necessitating abandonment of the examination. In the 24h period after 
ROP screening 618/623 examinations were not associated with any serious clinical deterioration. In 
5/623 medically adverse reactions were recorded, but all made full recoveries and following this had the 
same screening examination without any adverse reactions. The absence of any severe intraprocedural 
complications may be related to reduced indentation time and stress in the infant facilitated by 
effective pupil dilation. Mydriatic regime of phenylephrine 2.5% and cyclopentolate 0.5% is an effective 
and safe regime to apply for ROP screening.

ROP: retinopathy of prematurity, GA: gestational age, BW: birth weight, g: grams, wks: weeks.

Table 8. Evidence on screening examination – Pain

Author, year 
Country

Title Study type
Evidence level

Summary of study

Cogen, 2011
USA

Masked trial of topical 
anesthesia for retinopathy 
of prematurity eye 
examinations

Randomised 
controlled trial 
Level 1+/High

RCT of proparacaine 0.5% or an artificial tear solution in the right eye. All infants received an artificial 
tear solution in the left eye. Assessment of discomfort using Premature Infant Pain Profile (PIPP) 
during examination of the right eye, with a painful event defined as a PIPP score ≥11. The left eye 
was examined, and a comparison of corneal clarity made between the 2 eyes. 39 examinations were 
performed on 34 infants, the mean PIPP score for artificial tears was 10.4 compared to 8.8 in the 
anaesthetic group (p=0.17). Of the examinations without anaesthetic, 65% were painful, compared with 
27% with anaesthetic (p=0.04).

Table 7. Evidence on screening examination – Mydriatics
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Dempsey, 
2011
Ireland

Local anaesthetic eye drops 
for prevention of pain in 
preterm infants undergoing 
screening for retinopathy of 
prematurity

Systematic 
review
Level 1+/
Moderate

The administration of topical proparacaine 30 seconds prior to the ophthalmological evaluation was 
associated with a reduction in pain scores, especially at the time of speculum insertion. When the 
PIPP score was >12 at one minute, there was a statistically significant reduction in the number of 
patients who experienced pain (typical risk ratio (RR) 0.56, 95% CI: 0.36–0.89). When pain was defined 
as an increase in PIPP score >4 there was a statistically significant reduction in the absolute number of 
patients who experienced pain at one minute (typical RR 0.70, 95% CI: 0.52–0.94).

Dhaliwal, 2010
UK

Pain in neonates during 
screening for retinopathy of 
prematurity using binocular 
indirect ophthalmoscopy 
and wide-field digital retinal 
imaging: A randomised 
comparison

Randomised 
controlled trial 
Level 1+/High

This RCT compared the pain experienced by premature infants undergoing WFDRI and BIO for 
ROP screening. A total of 76 infants were included. Infants had their pupils dilated with topical 
phenylephrine 2.5% and tropicamide 0.5% applied 60 min and 30 min prior to eye examination. One 
drop of oxybuprocaine 0.4% was applied to each eye immediately prior to each eye examination. There 
were 39 infants that received BIO first, and 37 WFDRI first. The (mean, SD) PIPP score for WFDRI was 
15.0, SD 2.1 and for BIO was 15.2, SD 2. There was no statistically significant difference in PIPP scores 
(paired t test p=0.47). Significantly greater increase in HR during WFDRI than during BIO (p=0.03). 
There was no statistically significant difference in occurrence of marked bradycardias (HR). The authors 
observed that infants started crying with corresponding physiological changes as soon as the eyelid 
speculum was inserted, and crying stopped on speculum removal.

Hartley, 2018
UK

Analgesic efficacy and 
safety of morphine in 
the Procedural Pain in 
Premature Infants (Poppi) 
study: Randomised  
placebo-controlled trial

Randomised 
controlled trial 
Level 1+/High

RCT compared the efficacy and safety of morphine vs placebo for acute procedural pain. Infants 
randomly assigned to 100µg/kg oral morphine sulphate or placebo 1 h before ROP examination. PIPP-R 
score after ROP screening was mean 11.1 (SD 3.2) with morphine and 10.5 (SD 3.4) with placebo (mean 
difference 0.5, 95% CI –2.0 to 3.0; p=0.66). Administration of oral morphine (100 μg/kg) to non-ventilated 
premature infants has the potential for harm without analgesic efficacy. Trial was stopped after the 
recruitment of 25 infants, as 3/15 (20%) infants assigned morphine, had apnoeic episodes requiring 
resuscitation with NIPPV in the 24 h period after drug administration, compared with no infants 
assigned placebo. Infants assigned morphine had significantly more episodes of oxygen desaturation 
in the 6 h and 24 h periods after the clinical procedure, and significantly more episodes of bradycardia 
in the 24 h period after the clinical procedure, compared with those allocated placebos. There were 
no differences in the number of episodes of tachycardia. 8 (53%) of 15 infants who received morphine 
developed new-onset apnoea or an increase in the number of apnoeic episodes in the 24 h period 
after the clinical procedure, compared with 3 (20%) of 15 infants who received placebo (RR 2.7, 95% CI 
0.9–8.2; p=0.085). No statistically significant difference for apnoea in the 6 h period. Significantly more 
infants allocated morphine required an increase in respiratory support in the 6 h period after the 
clinical procedure; risk difference 0.3, 95% CI 0.0–0.5; p=0.020, and in the 24 h period after the clinical 
procedure risk difference 0.3, 95% CI 0.1–0.6; p=0.006. 8 (53%) of the 15 infants who received morphine 
had respiratory adverse events attributed as possibly or probably related to drug administration.

Table 8. Evidence on screening examination – Pain
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Kleberg, 2008
Sweden-UK

Lower stress responses after 
Newborn Individualized 
Developmental Care and 
Assessment Program 
care during eye screening 
examinations for 
retinopathy of prematurity: 
A randomized study

Prospective 
cohort/ 
Level2++/
Moderate

36 preterm infants were included with 68 screening examinations evaluated applying Newborn 
Individualised Developmental Care and Assessment Program care (NIDCAP) or standard care. NIDCAP 
assessed a calm environment, position, preparation before exam, support from others, sucking comfort, 
approach (physical and verbal), examination, head stabilisation, infant self-regulation/coregulation, talk, 
pacing (for the infant), oxygen (increase) and settling after exam. Standard care used dimmed lighting, 
reduced sound and bed support. NIDCAP was associated with better behavioural scores during 
the examination, faster recovery after examination as shown with decreased salivary cortisol levels. 
However, there was no significant difference in heart rate, respiratory rate, oxygenation, or PIPP scores 
between both care strategies before or after examination.

Mehta, 2010
USA

Effect of topical anesthesia 
and age on pain scores 
during retinopathy of 
prematurity screening

Randomised 
controlled trial 
Level 1+/High

RCT to determine the efficacy of proparacaine eye drops (0.5%) in 40 preterm infants undergoing 
ROP screening. The PIPP scores were taken at baseline and post examination at 1 and 5 min were 
compared for: (1) those receiving saline vs proparacaine eye drops (2) first ROP screening vs second 
ROP screening, regardless of the type of eye drops used. Proparacaine use significantly lowered mean 
PIPP scores (p=0.027) and delta scores (p= 0.013) at 1 min after examination, but there was no difference 
at 5 min after examination. Second examinations showed significantly lower mean PIPP scores after 
examination (1 min (p=0.003) and 5 min (p= 0.025)), regardless of the type of drop used. A pain response 
(increase of PIPP by ≥4 points) was observed in 80% of infants receiving saline drops vs. 67% of those 
receiving proparacaine drops.

Moral-
Pumarega, 
2012
Spain

Pain and stress assessment 
after retinopathy of 
prematurity screening 
examination: Indirect 
ophthalmoscopy versus 
digital retinal imaging

Observational 
cohort
Level 2+/
Moderate

A comparative study to assess and compare the impact of using BIO or WFDRI on pain and stress in 
infants undergoing ROP screening examination. Ophthalmologic examinations were performed on 24 
infants with both BIO and WFDRI. Pain assessments were performed with CRIES and PIPP just prior to 
the examination, and 30 seconds, 1 hour, and 24 hours later after ending the examination. Changes over 
time were significantly different between BIO and WFDRI with both scales (PIPP score, p=0.007, and 
CRIES score, p=0.001). Median PIPP score (interquartile interval) at baseline was 4 (3–5). At 30 seconds 
the score was 8 (6–9) for BIO and 6 (5–7) for WFDRI, respectively. The increase in PIPP score between 
baseline and 30 seconds was significantly lower with WFDRI (p=0.006). The median increase in CRIES 
score from baseline to 30 seconds was 1 point lower for WFDRI than for BIO (p<0.001). No significant 
difference in response remained at 1 hour or 24-hour assessments. In relation to GA, the difference 
(BIO/WFDRI) in pain assessed at 30 seconds with CRIES was significantly higher in the GA>26 wks 
group compared with the more immature infant group (GA≤26wks) (p=0.03). An increased pain and 
stress response occurs with WFDRI and with BIO when both techniques are applicable. Less transient 
short-term pain and stress responses are observed with WFDRI when compared with BIO.

ROP: retinopathy of prematurity, GA: gestational age, wks: weeks, SD: standard deviation, CI: confident interval, TW-ROP: treatment-warranted ROP, 
WFRDI: wide-field retinal digital imaging, BIO: bilateral indirect ophthalmoscopy, PIPP: premature infant pain profile.

Table 8. Evidence on screening examination – Pain
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Table 9. Evidence on screening examination – Comfort care

Author, year 
Country

Title Study type
Evidence level

Summary of study

Corrigan, 
2020 
USA

Music therapy and 
retinopathy of prematurity 
screening: using recorded 
maternal singing and 
heartbeat for post exam 
recovery

Randomised 
controlled trial 
Level 1+/High

RCT to determine whether music therapy and standard care reduced infants PIPP scores in 
comparison to standard care alone. There was a significant change in recovery PIPP scores for both 
groups, standard care group (6.37–4.77) and music therapy group (5.73–3.85), from 1 to 5 min post exam, 
respectively (p <0.001); however, there were no significant differences between each group. Infants in 
the music group had a slightly faster return to baseline than those who received standard care.

Kristoffersen, 
2019 
Norway

Skin-to-skin contact during 
eye examination did not 
reduce pain compared to 
standard care with parental 
support in preterm infants

Case-control
Level 2+/
Moderate

Case control study (35 infants GA=31wks) 16 infants in skin-to-skin contact group and 19 infants allocated 
to standards of care with parental support group. No difference in mean pain scores with skin-to-skin 
contact vs. standard care during (10.2 vs. 10.3, p=0.91) or after (7.0 vs. 6.8, p=0.76) the procedure. Skin-to-
skin contact during the eye examination did not provide additional pain relief compared to standard 
care where the parents were already a part of the multidimensional approach.

Olsson, 2011
Sweden

Oral glucose for pain relief 
during eye examinations for 
retinopathy of prematurity

Randomised 
controlled trial 
Level 1+/High

RCT to determine whether oral glucose could have a pain-relieving effect during ROP screening. 30 
infants were included. Pain responses were scored using the premature infant pain profile. Heart rate 
and crying time were also recorded. There were no statistically significant differences between the two 
groups, neither in premature infant pain profile score, heart rate changes nor crying time. Median PIPP 
score in the glucose group was 8.0 (interquartile range 5.0–9.2) vs. 6.0 (4.0–9.2) in the water group. This 
difference was not statistically significant. Mean crying time in the glucose group was 6.8 (SD 8.1) seconds 
and in the water group 5.7 (7.3) (not significant). At 32 wks postconceptional age, mean crying time in 
the glucose group was 4.1 (SD 9.8) and in the water group 2.2 (SD 3.5). At 34 wks, glucose group 5.2 (SD 
4.3) vs. water group 6.7 (SD 6.5) and at 36 wks: glucose group 11.3 (SD 7.6) vs. water group 7.4 (SD 9.3). No 
significant differences were seen in the different age groups. Heart rate increased 12.2 beats/ minute 
(SD 14.0) in the glucose group and 11.9 (SD 31.3) in the water group (not significant). Oxygen saturation 
decreased 4.4% in the glucose group (SD 7.6) compared to 0.8 (SD 3.2) in the water group (not significant).

O’Sullivan, 
2010
Ireland

Sweeten, soother and 
swaddle for retinopathy 
of prematurity screening: 
a randomised placebo 
controlled trial

Randomised 
controlled trial 
Level 1+/High

RCT accessing the efficacy of oral sucrose combined with swaddling and non-nutritive sucking as a 
method for reducing pain associated with ROP screening. The control group received swaddling and 
0.2ml of sterile water, the intervention group were swaddled, and received 0.2 ml of sucrose 24% given 
by mouth using a syringe and a soother. The sucrose group had a significantly lower median Neonatal 
Pain, Agitation and Sedation Scale (N-PASS) score during ROP screening, initially following insertion of 
the speculum (6.5 vs 5, p=0.02) and subsequently during scleral indentation (9.5 vs 7.5, p=0.03). Fewer 
infants experienced episodes of desaturations or bradycardia in the intervention group (1 vs 4, p=0.18) 
but this was not statistically significant.
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Strube, 2010
Canada

Relationship between 
feeding schedules and 
gastric distress during 
retinopathy of prematurity 
screening eye examinations

Prospective 
cohort
Level 2+/
Moderate

RCT to determine whether a relationship exists between the timing of feeding before ROP 
examinations and gastric side effects or distress associated with the examination. 34 infants (57 
examinations) randomly assigned to Arm 1: Fed one hour before examination or Arm 2: Not fed within 
two hours of examination. There was 19% less crying (p=0.016) when fed one hour before examination. 
Vomiting was 3-fold less when fed 1 hour before vs before 2 hours (4.2% vs 12.5%, p 0.38). Gastric 
aspirates were less in arm 1 versus arm 2 (p=0.18). Diastolic blood pressure was lower and respiratory 
rate greater during the examination in arm 1 (p<0.05) and pulse rate was greater at the start of the 
examination in arm 1 (p<0.05). Feeding neonatal intensive care unit infants 1 hour before compared 
with withholding feeding 2 or more hours before ROP examinations may reduce stress during the 
examination, as measured by percentage crying during the examination, with no increased incidence 
of vomiting or gastric aspirates.

Wang, 2020
Canada

Reducing discomfort of 
eye drops prior to retinal 
examination in the neonatal 
intensive care unit

Predictive 
cohort
Level 2++/
Moderate

This study aimed to evaluate the effectiveness of reducing pain during the administration of mydriatic 
drops in neonates. All infants were given one drop of cyclopentolate 0.2% and phenylephrine 1% in each 
eye. The comfort group also received 24% oral sucrose 2 minutes before the mydriatic drops. Comfort 
infants were also tucked/contained during the eye drop administration. All infants received one drop of 
0.5% tetracaine in each eye 60 mins after the mydriatics. The implementation of comfort measures into 
the protocol resulted in a 60% relative reduction in PIPP scores during instillation of eye drops.

ROP: retinopathy of prematurity, GA: gestational age, wks: weeks, SD: standard deviation, PIPP: premature infant pain profile.

Table 9. Evidence on screening examination – Comfort care
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Ahmed, 2021
UK

The Postnatal Growth and 
Retinopathy of Prematurity 
Model: A Multi-institutional 
Validation Study

Retrospective 
cohort
Level 2+/
Moderate

G-ROP criteria were applied retrospectively. 10 of the 101 infants developed Type 1 ROP. G-ROP detection 
sensitivity was 100%. Applying G-ROP criteria would have reduced the number screened by 21.8%.

Ali, 2017
Canada

Assessment of WINROP 
algorithm as screening 
tool for preterm infants 
in Manitoba to detect 
retinopathy of prematurity

Retrospective 
cohort
Level 2+/
Moderate

The WIN-ROP predictive model was applied to a Canadian sample (n=215). For detecting Type 1 ROP 
sensitivity: 90% (p=0.021), specificity: 60% (p=0.002), PPV: 10%, NPV: 99.2%. 1 infant was missed.

Binenbaum, 
2018 
USA

Development of Modified 
Screening Criteria for 
Retinopathy of Prematurity: 
Primary Results from the 
Postnatal Growth and 
Retinopathy of Prematurity 
Study

Retrospective 
cohort
Level 2+/
Moderate

G-ROP predictive model applied to USA sample (n=7483). Model predicted 459/459 (100%) TR-ROP. The 
number of infants requiring examination was reduced by 30.3%.

Binenbaum, 
2019
USA

Validation of the Postnatal 
Growth and Retinopathy 
of Prematurity Screening 
Criteria

Retrospective 
cohort
Level 2+/
Moderate

G-ROP predictive model was applied to USA sample (n=3982). The model identified type 1 ROP with 
sensitivity: 100% and type 2 ROP with sensitivity: 98.6%. There was a reduction of screening by 32.5%.

Biniwale, 2019
USA

Early postnatal weight 
gain as a predictor for the 
development of retinopathy 
of prematurity

Prospective 
cohort
Level 2+/
Moderate

WIN-ROP predictive model was applied to USA sample (n=492). WIN-ROP tool detected 80/89 at 
less than 32 wks gestation infants who developed type 1 ROP requiring treatment. Sensitivity: 90%, 
specificity: 34%, 9 infants were missed.

Cao, 2016
USA

Colorado retinopathy of 
prematurity model: a multi-
institutional validation study

Retrospective 
cohort
Level 2+/
Moderate

CO-ROP predictive model was applied to USA sample (n=858). Sensitivity: 98.1% (95% CI, 93.3%-99.8%) 
for type 1, specificity: 31.3% (27.6-35.1).
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Summary of study

Cao, 2016
USA

The Colorado-retinopathy 
of prematurity model (CO-
ROP): postnatal weight gain 
screening algorithm

Retrospective 
cohort
Level 2+/
Moderate

CO-ROP predictive model was applied to USA sample (n=499). CO-ROP sensitivity: 100% (95% CI, 92.1-
100.0) for high-grade (type 1 and 2) ROP and sensitivity: 96.4% (95% CI, 92.3-98.7) for all grades of ROP. 
Small sample used.

Caruggi, 2021
Italy 

Validation of the postnatal 
growth and retinopathy 
of prematurity screening 
criteria: A retrospective 
Italian analysis

Retrospective 
Level 2+/
Moderate

G-ROP criteria were applied retrospectively. 39 of the 475 infants developed Type 1 ROP, with a G-ROP 
detection sensitivity of 87.4%.  28 of the 475 infants were treated, with a G-ROP detection sensitivity of 
100%. Applying G-ROP criteria would have reduced the number screened by 50.7%.

Choi, 2013
Republic of 
Korea

Efficacy of the screening 
algorithm WINROP in 
a Korean population of 
preterm infants

Retrospective 
cohort
Level 2+/
Moderate

WIN-ROP predictive model was applied to a Korean sample (n=314). Sensitivity for detecting Type 1 
ROP: 90% (p=0.021), specificity: 60% (p=0.002), PPV=10%, NPV=99.2%. 4 infants were missed who had 
additional morbidity factors. Model modified to include other risks showed increased sensitivity: 97.5% 
(39/40), specificity: 17.2%, NPV: 97.9%, PPV:14.7%.

Eriksson, 2014
Sweden

WINROP can modify ROP 
screening praxis: a validation 
of WINROP in populations in 
Sormland and Vastmanland

Prospective 
cohort
Level 2++/
Moderate

WIN-ROP predictive model was applied to a Swedish sample (n=104). Sensitivity 100% (95% CI 0.46–1.00), 
specificity 58.6% (95% CI 0.48–0.68), PPV=10.8% (95% CI 0.04–0.24) and NPV=100% (95% CI 0.92–1.00).

Gurwin, 2017
USA

A tiered approach to 
retinopathy of prematurity 
screening (tarp) using a 
weight gain predictive 
model and a telemedicine 
system

Retrospective 
cohort
Level 2+/
Moderate

E-ROP study found that a combination of using a weight gain algorithm and telemedicine was most 
efficient at detecting ROP. The sensitivity for detecting type 1 ROP (32 infants) was 100% (95% CI, 89.3%-
100%) with each approach.

Hellstrom, 
2009
Sweden

Early weight gain predicts 
retinopathy in preterm 
infants: new, simple, efficient 
approach to screening

Diagnostic
Level 2+/
Moderate

WIN-ROP predictive model evaluated in Swedish sample (n=354). Sensitivity: 100% (95% CI: 90%–100%; 
35/35 infants), specificity: 84.5% (95% CI: 81%–88%; 268/318 infants). Early model needed replication.

Huang, 2017
USA

Colorado Retinopathy of 
Prematurity Screening 
Algorithm (CO-ROP): a 
validation study at a tertiary 
care center

Diagnostic
Level 2+/
Moderate

CO-ROP screening algorithm had sensitivity: 93.1% (95% CI, 77.2-99.1) and specificity: 92.7% (95% CI, 61.5-
99.8). 2/29 were not identified as type 1 ROP. 28 had Type 1 ROP. Small USA sample.
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Husain, 2013
UK

Relationships between 
maternal ethnicity, 
gestational age, birth 
weight, weight gain, and 
severe retinopathy of 
prematurity

Diagnostic
Level 2+/
Moderate

Model including maternal ethnicity, BW, GA and weight gain. Sensitivity: 100% (57/57 infants), specificity: 
65.8% (350/532 infants), PPV: 23.8% (57/239), NPV: 100% (350/350). Early model needs replication and 
prospective data.

Jung, 2017
USA

Validation of WINROP for 
detecting retinopathy of 
prematurity in a North 
American cohort of preterm 
infants

Retrospective 
cohort
Level 2+/
Moderate

WIN-ROP model evaluated a USA sample (n=483). Sensitivity 81.8% (95%CI, 67.3%-91.8%) and specificity 
53.3% (95% CI, 48.5%-58.0%) for identifying infants with severe ROP. 8/44 infants with severe ROP were 
not detected.

Lofqvist, 2009
Sweden

Validation of a new 
retinopathy of prematurity 
screening method 
monitoring longitudinal 
postnatal weight and insulin 
like growth factor I

Retrospective 
cohort
Level 2+/
Moderate

WIN-ROP model evaluated in a Swedish sample (n=50). Detecting sight threatening ROP, Sensitivity: 
100% (9/9 infants), specificity: 54% (15/28 infants), PPV: 41%.

Lundgren, 
2013
Sweden

WINROP identifies severe 
retinopathy of prematurity 
at an early stage in a nation-
based cohort of extremely 
preterm infants

Prospective 
cohort
Level 2++/
Moderate

WIN-ROP model evaluated in a Swedish sample (n=407). Sensitivity: 95.7% (45/47) and specificity: 23.9% 
(86/360), NPV: 97.7%, PPV: 14.1%. Missed 2 infants with Type 1 who were treated.

McCauley, 
2018
USA

Implementation of a Clinical 
Prediction Model Using 
Daily Postnatal Weight 
Gain, Birth Weight, and 
Gestational Age to Risk 
Stratify ROP

Retrospective 
cohort
Level 2+/
Moderate

OMA-ROP, a prediction model using post-natal weight gain, BW and GA was developed with a small 
USA sample (n=191). Sensitivity 100% and 62% specificity. Need for larger cohort to validate.
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McCourt, 2018
USA

Validation of the Colorado 
Retinopathy of Prematurity 
Screening Model

Retrospective 
cohort
Level 2+/
Moderate

CO-ROP predictive model evaluated in USA sample (n=7483). Sensitivity: 96.9% (95%CI, 95.4%-97.9%), 
specificity: 40.9% (95%CI, 39.3%-42.5%). Missed 23 infants (3.1%).

Piermarocchi, 
2017
Italy

Predictive algorithms 
for early detection of 
retinopathy of prematurity

Retrospective 
cohort
Level 2+/
Moderate

WIN-ROP model evaluated an Italian sample (n=445). ROP Score and CHOP ROP showed 100% 
sensitivity to identify ROP. 9.90% reached or were treated for stage 3 ROP.

Pivodic, 2019 
Sweden

Individual Risk Prediction 
for Sight-Threatening 
Retinopathy of Prematurity 
Using Birth Characteristics

Retrospective 
cohort
Level 2+/
Moderate

DIGI-ROP Prediction model for 24-30 wks: sensitivity, specificity PPV and NPV as high for DIGI-ROP as 
other predictive models without knowing PN weight gain.

Pivodic, 2020
Sweden 

Development and validation 
of a new clinical decision 
support tool to optimize 
screening for retinopathy of 
prematurity.

Diagnostic
Level 2+/
Moderate

DIGIROP-Screen is a Swedish multivariable logistic model that uses birth characteristics and ROP 
examination findings over PNAs 6–14 weeks to determine when screening examinations may be 
terminated. Longitudinal weights are not needed. A reduced number of infants required screening 
from birth (3562/ 6991 in the development cohort), and further infants were "released" from screening 
over a period of weeks. 1241 infants in Sweden, Germany and USA were studied, but validation in the UK 
is needed.

Piyasena, 
2014
UK

Prediction of severe 
retinopathy of prematurity 
using the WINROP 
algorithm in a birth cohort 
in South East Scotland

Retrospective 
cohort
Level 2+/
Moderate

WIN-ROP model evaluated in UK sample (n=1175). 87.5% sensitivity with complete weight data.

Shiraki, 2019 
Japan

Retrospective Validation of 
the Postnatal Growth and 
Retinopathy of Prematurity 
(G-ROP) Criteria in a 
Japanese Cohort

Retrospective 
cohort
Level 2+/
Moderate

G-ROP predictive model evaluated in Japanese sample (n=51). Model predicted 81/81 TR-ROP. 
Reduction of infants requiring screening by 24.5% and the number of examinations by 12.9%. The 
model correctly identified all infants requiring any treatment for ROP; but does not yet determine ROP 
risk status. First validation study on a non-USA sample.
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Timkovic, 
2017  
Czechia

Evaluation of the WinROP 
system for identifying 
retinopathy of prematurity 
in Czech preterm infants

Retrospective 
cohort
Level 2+/
Moderate

WIN-ROP system was evaluated in a Czech population containing 445 premature infants. There were 
24 infants with high risk (type 1 or 2) ROP that were correctly identified by the system, however there 
was a large number of false positives. A useful tool for identifying infants not likely to develop high risk 
ROP and could reduce numbers screened.

Wu, 2010
USA

Longitudinal postnatal 
weight measurements for 
the prediction of retinopathy 
of prematurity

pective cohort
Level 2+/
Moderate

WIN-ROP model evaluated USA sample n=318. Sensitivity 100% (95% CI, 87.7%- 100%; 28/28 infants) and 
specificity 81.7% (95% CI, 76.8%-86.0%; 237/290 infants).

Ying, 2015
USA

Predictors for the 
development of  
referral-warranted 
retinopathy of prematurity 
in the telemedicine 
approaches to evaluating 
acute-phase retinopathy of 
prematurity (e-ROP) study

Retrospective 
cohort
Level 2+/
Moderate

Detection of ROP in USA sample (n=979) found ROP in 149 (15.2%) (type 1 or type 2).

ROP: retinopathy of prematurity, GA: gestational age, BW: birth weight, PNA: postnatal age, g: grams, wks: weeks, CI: confident interval, PPV: positive 
predictive value, NPV: negative predictive value, TR-ROP: treatment- requiring ROP, WFRDI: wide-field retinal digital imaging.

Table 11. Evidence on screening technique 

Author, year 
Country

Title Study type
Evidence level

Summary of study

Alapati, 2018
USA

A retrospective analysis 
of the timing of initial 
treatment of bedside-
screened versus 
photographically screened 
eyes with retinopathy of 
prematurity

Cross-sectional 
uncontrolled 
before and 
after
Level 2+/
Moderate

130 eyes examined (65 infants screened). Wide-angle camera (RetCam 120) vs. ophthalmoscopy (by 
expert ophthalmologists). BIO identified 35 infants requiring treatment compared to 30 identified with 
RetCam. Similar detection of treatment requirement with BIO at average PMA 36.5 wks vs average 
PMA 36.4 at treatment with RetCam (p=ns).

Table 10. Evidence on screening criteria – Predictive models
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Athikarisamy, 
2015
Australia

Screening for retinopathy 
of prematurity (ROP) 
using wide-angle digital 
retinal photography by 
non-ophthalmologists: a 
systematic review

Systematic 
review
Level 1+/
Moderate

1828 eyes were examined (699 infants screened). Digital retinal images reviewed by non-expert graders 
vs BIO examination by paediatric ophthalmologists. Sensitivity: 45.5%–100%, specificity: 61.7%–98%, PPV: 
61.5%–96.6%, NPV: 76.9%–100%.

Begley, 2019
USA

Evaluation of a remote 
telemedicine screening 
system for severe 
retinopathy of prematurity

Cross-sectional 
uncontrolled 
before and 
after Level 2+/
Moderate

124 eyes were examined (35 infants screened). Aim was to evaluate remote telemedicine screening 
services for referral-warranted ROP using the RetCam Shuttle. Sensitivity 100%, specificity 97%, PPV 
66.7%, and NPV 100%. 3/35 detected as RW-ROP and 2/35 required treatment. No missing cases, no 
poor outcomes.

Biten, 2018
USA

Diagnostic accuracy 
of ophthalmoscopy 
vs telemedicine in 
examinations for 
retinopathy of prematurity

Prospective 
cohort
Level 2++/
Moderate

1553 eyes were examined (281 infants screened) using wide-angle camera (RetCam) vs. 
ophthalmoscopy. Similar sensitivity for zone I disease (78% vs 78%), plus disease (74% vs. 74%), and type 
2 ROP (stage 3, zone I, or plus disease: 86% vs 79%; p=n.s. [n=251], but BIO was slightly more sensitive in 
identifying stage 3 disease (85% vs 73%; p=0.004 [n=136]). The RetCam was good to identify posterior 
retina disease but less good for anterior retina disease.

Chan, 2015
USA

The Global Education 
Network for Retinopathy 
of Prematurity (Gen-
Rop): Development, 
implementation, and 
evaluation of a novel tele-
education system (An 
American Ophthalmological 
Society Thesis)

Diagnostic
Level 2+/
Moderate

804 retinal images were captured from 248 eyes of 67 premature infants and uploaded to a study 
website. Study subjects consisted of 7 residency-trained, board-eligible ophthalmologists who were 
enrolled in retinal fellowship programs (1 second-year fellow, 6 first-year fellows). For detection of type-
2 or worse ROP by fellows, mean (range) sensitivity 75% (51–95) and specificity 84% (0.707–0.976). For 
detection of treatment-requiring ROP, mean (range) sensitivity 91% (67–100) and specificity 87% (68–98). 
Fellows demonstrated high accuracy for detecting ROP. However, 3/7 fellows achieved less than 80% 
sensitivity for diagnosis of type-2 or worse ROP, and 2/7 achieved less than 90% sensitivity for diagnosis 
of treatment-requiring ROP.

Chapron, 2021
France Retrospective cohort study

Level 2+/ 
Moderate

This was a retrospective analysis of the French EPIPAGE-2 cohort. 3077 infants less than 32 weeks gestation 
were eligible for screening and 2169 were screened. Infants were more likely to be screened if they were 
of low gestation, low birth weight, had severe bronchopulmonary dysplasia or neurological lesions, and 
were transferred between neonatal units during the screening period. Units that used WFDRI had a 
higher screening rate. Units that had a local ROP screening protocol had a higher screening rate. Among 
screened children, 1641/2169 (75.7%) were screened according to recommended timeline (not more than 
2 weeks delayed). Delayed screening was associated with low gestational age, severe bronchopulmonary 
dysplasia or necrotizing enterocolitis, and absence of local protocol for ROP screening.

Table 11. Evidence on screening technique 
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Chen, 2020
USA

Differentiating retinal 
detachment and 
retinoschisis using 
handheld optical coherence 
tomography in stage 4 
retinopathy of prematurity

Diagnostic 
Level 2++/
Moderate

OCT imaging could differentiate retinal detachment and retinoschisis and could detect whether the 
fovea was detached.15 infants with stage 4 ROP. GA 23.9 (1.1) weeks.

Chiang, 2010
USA

Diagnostic performance of 
a telemedicine system for 
ophthalmology: Advantages 
in accuracy and speed 
compared to standard care

Prospective 
cohort
Level 2++/
Moderate

208 eyes were examined (68 infants screened). Wide-angle camera (RetCam) vs. ophthalmoscopic 
by same physician. 6 eyes had severe ROP. Diagnostic agreement was 86.5% (180 eyes) on ROP 
classification between ophthalmoscopic and image-based exam of the same eyes by the same 
physicians. Image-based examination resulted in a more severe diagnosis in 16 (7.7%) eyes, while 
ophthalmoscopy gave a more severe diagnosis in 12 (5.8%) eyes. According to ophthalmoscopic exams, 
112 (53.8%) eyes had no ROP, 75 (36.1%) had mild ROP, 15 (7.2%) had moderate ROP, and 6 (2.9%) had 
severe ROP. According to image-based exams, 109 (52.4%) eyes had no ROP, 75 (36.1%) had mild ROP, 18 
(8.6%) had moderate ROP, and 6 (2.9%) had severe ROP.

Daniel, 2015
USA

Validated system for 
centralized grading of 
retinopathy of prematurity: 
Telemedicine approaches 
to evaluating acute-phase 
retinopathy of prematurity 
(e-ROP) study

Prospective 
cohort
Level 2++/
Moderate

Non-physician trained readers trained by experienced ROP specialists. Grading results for RW-ROP and 
its components were compared with the consensus grading for that image set. Based on results of TR 
gradings, a computerised algorithm determined whether RW-ROP was present in digital images from 
infants with birth weight less than 1251g. Four TRs underwent rigorous training and certification. A total 
of 5520 image sets were double graded, with 24.5% requiring adjudication for at least 1 component of 
RW-ROP. For individual RW-ROP components, the adjudication rate was 3.9% for plus disease, 12.4% 
for zone I ROP, and 16.9% for stage 3 or worse ROP. The weighted k for intergrader agreement (n=80 
image sets) was 0.72 (95% CI, 0.52–0.93) for RW-ROP, 0.57 (95% CI, 0.37–0.77) for plus disease, 0.43 (95% 
CI, 0.24–0.63) for zone I ROP, and 0.67 (95% CI, 0.47–0.88) for stage 3 or worse ROP. The weighted k for 
grade-regrade agreement was 0.77 (95% CI, 0.57–0.97) for RW-ROP, 0.87 (95% CI, 0.67–1.00) for plus 
disease, 0.70 (95% CI, 0.51–0.90) for zone I ROP, and 0.77 (95% CI, 0.57–0.97) for stage 3 or worse ROP.

Dhaliwal, 
2009
UK

Wide-field digital retinal 
imaging versus binocular 
indirect ophthalmoscopy for 
retinopathy of prematurity 
screening: A two-observer 
prospective, randomised 
comparison

Randomised 
controlled trial 
Level 1++/
Moderate

162 eyes were examined (81 infants screened) using WFDRI (Retcam II) vs. BIO. Sensitivity of WFDRI in 
detecting stage 3 ROP, 57% and plus disease 80%, specificity was 98% for stage 3 ROP, 98% and plus 
disease. The proportional agreement between WFDRI and BIO was 0.96 for detecting stage 3 disease 
and 0.97 for detecting plus disease, resulting in very good agreement on management decisions.

Table 11. Evidence on screening technique 
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Fijalkowski, 
2014
USA

Stanford University Network 
for Diagnosis of Retinopathy 
of Prematurity (SUNDROP): 
Five years of screening with 
telemedicine

Cross-sectional 
uncontrolled 
before and 
after
Level 2+/
Moderate

1022 eyes were examined (511 infants screened). 15/511 infants had TW-ROP. This was a non-comparison 
study. Telemedicine sensitivity was 100%, specificity 99.8%, PPV 93.8%, NPV 100% for detection of TW-
ROP. No infant with TW-ROP was missed by telemedicine screening using SUNDROP protocol.

Kemper, 2016
USA

A comparison of strategies 
for retinopathy of 
prematurity detection

Diagnostic 
simulation
Level 2+/
Moderate

Hypothetical cohort of 650 infants (model study). Digital retinal imaging (RetCam Shuttle) vs 
ophthalmoscopy. Best examination combination: 5 procedures: ROP examination only, digital imaging 
alone, digital imaging + discharge exam, digital imaging + low risk stopping rule, digital imaging + low 
risk stopping rule + discharge exam. Only 1 strategy (digital imaging + discharge examination) detected 
all cases.

Lorenz, 2009 
Germany

Wide-field digital imaging 
based telemedicine 
for screening for acute 
retinopathy of prematurity 
(ROP). Six-year results of a 
multicentre field study

Prospective 
cohort
Level 2++/
Moderate

2444 eye examinations conducted (1222 infants screened) (mean 10 images per eye, range 1–60). WFDI 
(RetCam120) vs. BIO. Sensitivity 100% for all three graders for TW-ROP, specificity 80.6%–94.1%. In 34 
infants with RW-ROP, PPV for TR-ROP 88.2%, first referral 82.4%, and follow-up 88.2%.

Myung, 2011
USA

Accuracy of retinopathy of 
prematurity image-based 
diagnosis by pediatric 
ophthalmology fellows: 
Implications for training

Case series
Level 3/Low

A comparative case series of expert versus nonexpert clinicians in image-based ROP diagnosis. An 
atlas of 804 retinal images captured from 248 eyes of 67 premature infants with a wide-angle camera. 
Images uploaded to study website from which an expert paediatric retinal specialist and five paediatric 
ophthalmology fellows independently provided a diagnosis for each eye. For detection of mild or worse 
ROP, the mean (range) sensitivity among the five fellows was 85% (67–96) and specificity was 92% 
(83–96). For detection of type 2 or worse ROP by fellows, mean (range) sensitivity was 53% (36–71) and 
specificity was 94% (77–100). For detection of treatment-requiring ROP, mean (range) sensitivity was 
5% (27–76) and specificity was 95% (80–100). There are subtleties to the diagnosis of clinically significant 
ROP that may not be recognised by all trainees.

Photographic 
Screening 
for ROP 
Cooperative, 
2008 USA

The photographic 
screening for retinopathy of 
prematurity study (photo-
ROP). Primary outcomes

Prospective 
cohort
Level 2++/
Moderate

102 eyes were screened (51 infants). Serial Fundus imaging (RetCam-120 camera system) vs. BIO. 
Sensitivity 92% (94% right eye, 89% left eye), specificity 37.21% (40% right eye, 35% left eye) for case 
referral. Early treatment: sensitivity 92% (86% right eye, 100% left eye). Specificity 67.39% (67% right eye, 
68% left eye). No adverse reactions.

Table 11. Evidence on screening technique 
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Prakalapakorn, 
2015
USA

Evaluation of the accuracy 
of grading indirect 
ophthalmoscopy video 
images for retinopathy of 
prematurity screening

Retrospective 
cohort
Level 2+/
Moderate

All initial examinations were performed by one of two paediatric ophthalmologists, both experienced 
ROP examiners. Digital recordings were made at every examination. Two ophthalmologists, one expert 
(SFF) and one non-expert in ROP screening, independently reviewed the videos and evaluated them 
for (1) image quality, (2) zone, (3) stage, and (4) the presence of pre-plus or plus disease. The expert and 
non-expert correctly identified zone (75% vs. 74%, respectively), stage (75% vs. 40%, respectively), and 
the presence of pre-plus or plus disease in 79% of images. Expert and non-expert judgment of pre-
threshold disease, pre-plus or plus disease had 100% sensitivity and 75% vs. 79% specificity, respectively, 
for detecting type 1 ROP. Expert and non-expert judgment of pre-plus or plus disease had 92% vs. 100% 
sensitivity and 77% vs. 82% specificity, respectively, for detecting type 1 ROP.

Prakalapakorn, 
2018
USA

Evaluating a portable, 
noncontact Fundus 
camera for retinopathy of 
prematurity screening by 
non-ophthalmologist health 
care workers

Diagnostic 
comparison
Level 2+/
Moderate

416 imagining sessions conducted (99 infants screened). Non-contact retinal imaging (Pictor) vs. 
BIO. Sensitivity TW- ROP by grading for the presence of pre-plus or plus disease: 100% and specificity 
86%–90%. Adverse events reported: clinically significant bradycardia, tachycardia, oxygen desaturation, 
or apnoea occurred after 5.8% (n=18) of clinical examinations and 0.8% (n=1) of imaging sessions. Mean 
difference after imaging versus examination was −0.055 (p=0.015) favouring imaging.

Quinn, 2016
USA

Timely implementation of a 
retinopathy of prematurity 
telemedicine system 

Retrospective 
cohort
Level 2+/
Moderate

Infants scheduled for clinically indicated ROP evaluations underwent both digital retinal imaging and 
indirect ophthalmoscopic examinations on the same day. Digital imaging was performed by e-ROP 
certified non-physician retinal imagers (CRIs), including nurses and technicians familiar with working 
with premature infants. Infants underwent imaging of both eyes using the RetCam. Digital images 
obtained by the CRI were uploaded by secure web-based portal for remote evaluation by a trained and 
certified non-physician reader, designated as a trained reader. The time from image submission to 
grading completion increased slightly when RW-ROP was present in the retinal images of one or both 
eyes of an infant. The mean turnaround time from submission of image sets of both eyes to return of 
the grading results to the clinical centre was 10.1 hours (SD 11.3), with a median of 12.0 hours (1st quartile, 
0.9 hours; 3rd quartile, 16 hours). Overall, 95.5% of gradings (95% CI, 93.9–96.7) were returned within 24 
hours. Subgroup analyses found, for image sets submitted to the reading centre, median time to report 
was 1.7 hours (1st quartile, 0.7 hours; 3rd quartile, 15.5 hours) compared with those submitted after 2pm 
(median, 14.1 hours; 1st quartile, 11.2, hours; 3rd quartile, 16.3 hours).

Table 11. Evidence on screening technique 
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Quinn, 2016
USA

Analysis of discrepancy 
between diagnostic clinical 
examination findings and 
corresponding evaluation 
of digital images in the 
telemedicine approaches 
to evaluating acute-phase 
retinopathy of prematurity 
study 

Level 3 /Low

A poststudy consensus review of images was conducted by 4 experts, who examined discrepancies in 
findings between image grades by trained nonphysician readers and physician examination results in 
infants with referral-warranted ROP (RW-ROP). Among 5350 image set pairs, there were 161 instances in 
which image grading did not detect RW-ROP noted on clinical examination (G−/E+) and 854 instances 
in which grading noted RW-ROP when the examination did not (G+/E−). Among the sample of G−/E+ 
cases, 18 of 32 reviews (56.3%) agreed with clinical examination findings that ROP was present in zone 
I and 18 of 40 (45.0%) agreed stage 3 ROP was present, but only 1 of 20 (5.0%) agreed plus disease was 
present. Among the sample of G+/E− cases, 36 of 40 reviews (90.0%) agreed with readers that zone I 
ROP was present, 23 of 40 (57.5%) agreed with readers that stage 3 ROP was present, and 4 of 16 (25.0%) 
agreed that plus disease was present. Based on the consensus review results of the sampled cases, 
we estimated that review would agree with clinical examination findings in 46.5% of the 161 G−/E+ 
cases (95% CI, 41.6-51.6) and agree with trained reader grading in 70.0% of the 854 G+/E− cases (95% CI, 
67.3–72.8) for the presence of RW-ROP.

Quinn, 2017
USA

Detection of potentially 
severe retinopathy of 
prematurity by remote 
image grading

Retrospective 
cohort
Level 2+/
Moderate

447 eyes were examined (246 infants). Digital image evaluation (RetCam Shuttle) vs. clinical 
examination using eROP data. Sensitivity 90.0%, specificity 87.0% for detecting infants who warranted 
a referral to an ophthalmologist to consider treatment. RW-ROP was detected on image grading at a 
mean PMA 34wks for early eyes and 36wks for same eyes. By 34wks’ PMA, grading detected RW-ROP in 
114 (59.7%) early eyes compared with 73 (36.5%) same eyes. No missed cases.

Raufi, 2016
USA

Facilitated versus self-
guided training of non-
ophthalmologists for 
grading pre-plus and plus 
disease using Fundus 
images for retinopathy of 
prematurity screening

Case-Control
Level 2+/
Moderate

253 images taken using WFDRI (Vantage Plus LED Digital Binocular Indirect Ophthalmoscope) vs. BIO: 
sensitivity 100%, specificity 97.9% in detecting infants TW-ROP. PPV TW-ROP by WFDRI 84.6% and NPV 
100%. Facilitated versus self-guided training of non-ophthalmologists.

Rogers, 2017
USA

Comparison of strategies 
for grading retinal images 
of premature infants 
for referral-warranted 
retinopathy of prematurity

Diagnostic
Level 2+/
Moderate

250 image sets used. 125 with RW-ROP and 125 without RW-ROP (250 infants screened). Comparison of 
retinal image sets using three grading protocols: a single optic disk-centred image, a set of 3 horizontal 
images, and a 5-image set. RW-ROP was identified with single disk centre image: sensitivity 11.2%, 
specificity 100%. Three horizontal images: sensitivity 70.4%, specificity 86.4%. Five images: sensitivity 
82.4%, specificity 90.4%. For grading, using 3 horizontal images: sensitivity 14.3% for plus disease, 25% 
for zone 1 ROP, and 71.2% for stage 3 or worse. For grading using 5 image sets, sensitivity 40.8% for plus 
disease, 50% for zone 1 ROP, and 71.2% for stage 3 or worse.

Table 11. Evidence on screening technique 
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Ryan, 2014
USA

Development and 
evaluation of reference 
standards for image-based 
telemedicine diagnosis and 
clinical research studies in 
ophthalmology

Diagnostic
Level 2+/
Moderate

358 examinations undertaken using 716 study eyes, 2149 images in total (150 infants screened). Wide-
angle retinal images (RetCam) vs. ophthalmoscopy. Inter-rater agreement between image reading and 
clinical examinations: 689/2148 image readings discrepancies.

Scott, 2008
USA

Telemedical diagnosis of 
retinopathy of prematurity 
intraphysician agreement 
between ophthalmoscopic 
examination and image-
based interpretation

Prospective 
cohort
Level 2++/
Moderate

206 eye examinations (103 infants screened). Wide-angle Fundus camera (device) vs. ophthalmoscopy. 
Absolute intraphysician agreement between ophthalmoscopic examination and telemedical 
interpretation was 86.3%. No tendency to over- or under-diagnose ROP using either examination 
modality. 28 (13.6%) discrepancies in diagnosis between modalities by same physician: 13/28 had 
misdiagnosis of type 2 pre-threshold or worse ROP by both examination modalities.

Shah, 2013
UK

Specialist nurse screening 
for retinopathy of 
prematurity: A pilot study

Prospective 
cohort
Level 2+/
Moderate

To compare the accuracy of ROP screening between nurse specialists and an expert paediatric 
ophthalmologist. Trained specialist ROP nurses acquired WFRDI using Retcam, graded ROP, and 
proposed a follow-up plan. This was compared with the findings by an ROP expert ophthalmologist. 
Outcomes include sensitivity, specificity, positive predictive value, and negative predictive value of ROP 
grading by trained ROP nurses. Sensitivity, specificity, positive predictive value, and negative predictive 
value of ROP grading were 91.7% (95% CI, 73–99), 80.6% (95% CI, 72.9–86.9), 45.8% (95% CI, 31.4–60.80), 
and 98.2% (95% CI, 93.6–99.8), respectively. Agreement on the management plan occurred in 84.8% of 
cases. In virtually all circumstances of disagreement, ROP nurses exaggerated the ROP grading present 
and/or recommended a repeat screen when discharge from service was more appropriate.

Tejada-
Palacios, 2015 
Spain

Comparative study of 
RetCam II vs. binocular 
ophthalmoscopy in a 
screening program for 
retinopathy of prematurity

Prospective 
comparative
Level 2++/
Moderate 

773 eyes were examined (83 infants screened). Sensitivity of wide-angle camera (RetCam) exam vs BIO 
was 68%, specificity 99%, PPV 93%, NPV 85%. All 34 ROP cases not detected with RetCam were in zone 
III or outer zone II. They were all mild and regressed spontaneously. No threshold ROP was missed with 
RetCam.

Table 11. Evidence on screening technique 
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Williams, 2010 
USA

Telemedical diagnosis of 
retinopathy of prematurity: 
accuracy of expert versus 
non-expert graders

Prospective/
longitudinal 
cohort
Level 2++/
Moderate

248 eye imaging examinations, 206 unique eye ophthalmoscopic examinations. Wide-angle retinal images 
(RetCam-II) vs BIO by experienced paediatric ophthalmologists and non-expert graders. For detection of 
type-2 or worse ROP sensitivity and specificity reported with mean and ranges. For experts: sensitivity: 95% 
(94–97), specificity: 93% (91–96). For resident non-experts: sensitivity: 87% (71–97), specificity: 73% (39–95). For 
student non-experts, sensitivity: 73% (41–88), specificity: 91% (84–96). For detection of treatment-requiring 
ROP, for experts, sensitivity: 100%, specificity: 93% (88–96); for resident non-experts, sensitivity: 88% (50–100), 
specificity: 84% (71–98). For student non-experts: sensitivity: 82% (42–100), specificity: 92% (83–97). Experts 
diagnosed 100% of those with TR-ROP. Diagnostic performance of telemedicine examination by non-expert 
graders is lower than that of expert retinal specialists.

ROP: retinopathy of prematurity, GA: gestational age, PMA: postmenstrual age, g: grams, wks: weeks, SD: standard deviation, CI: confident interval, PPV: 
positive predictive value, NPV: negative predictive value, TW-ROP: treatment-warranted ROP, RW-ROP: referral-warranted ROP, TR-ROP: treatment-
required ROP, WFRDI: wide-field retinal digital imaging, BIO: bilateral indirect ophthalmoscopy.

Table 12. Evidence on service configuration

Author, year 
Country

Title Study type
Evidence level

Summary of study

Bain, 2018
USA

A qualitative analysis of 
challenges and successes in 
retinopathy of prematurity 
screening

Qualitative 
study
Level 3/Low

Top performing hospitals had a commitment to QI, dedication of a committed ophthalmologist, 
system with double checks and reminders that make no one person responsible for identifying 
neonates eligible for screening. Several people from the desk clerk to the social worker to the nurse 
and physician all work to identify neonates. Reminders are often part of note templates, and there is 
often a central log that lists eligible infants and the date the exam is due. Identification of an infant on 
admission, use of RetCam or telemedicine, training and use of registered nurses and physician staff to 
use RetCam/telemedicine to take reliable exams, greater knowledge of screening criteria and disease 
progression in staff also contributed.
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Author, year 
Country

Title Study type
Evidence level

Summary of study

Barry, 2013
USA

The effectiveness of policy 
changes designed to 
increase the attendance rate 
for outpatient retinopathy of 
prematurity (ROP) screening 
examinations

Retrospective 
cohort
Level 2+/
Moderate

New policies to improve the rate of follow-up for screening examinations, particularly after discharge. 
Pre policy, dedicated nurses coordinated scheduling of inpatient examinations. Reasons for missing 
the first outpatient ROP screening examination included: appointments not being scheduled before 
the patients left the NICU, parents unaware of appointments that were scheduled, parents not fully 
appreciating the potentially blinding consequences of ROP, and lack of adequate transportation. 
Three stage policy implemented. A parent education sheet listing the exact date, time, and location 
of the first outpatient follow-up examination. A nurse reviewed the information with a parent at the 
time of discharge, and both the nurse and parent signed the sheet. Simplified automatic scheduling 
of appointments. If missed parent or guardian called, a certified letter sent, and, if no response 
was obtained within 1 week, Child Protective Services were notified. Logbook maintained by the 
attending ophthalmologist. This information was reviewed after each day of patient interactions to 
identify patients who did not receive examinations on the recommended dates. Of 52 neonates in 
the pre-implementation group, 22 (42%) attended their first outpatient ROP screening examination 
after discharge from the hospital on the exact date recommended at discharge. This rate improved 
significantly in the post-implementation group; of 57 patients, 46 (81%) attended their first outpatient 
examination on the exact date recommended at discharge (p<0.01). In the pre-implementation group, 
43 patients (83%) attended their first outpatient examination within 2 weeks of the date recommended 
at discharge. This rate also significantly improved in the post-implementation group, with 55 patients 
(96%) attending within 2 weeks (p=0.02).

Henderson, 
2013
USA

A new paradigm for 
incorporating the joint 
statement screening 
guidelines for retinopathy 
of prematurity into clinical 
practice: outcomes from a 
quaternary referral program

Case series
Level 3/Low

Of 1,823 scheduled ROP-related visits, 327 (17.9%) resulted in cancellations and 90 (4.9%) in no-shows, 
with 238 missed visits due to caregiver-related and 149 to caregiver-unrelated reasons. Of 399 total 
patients, 142 (35.6%) cancelled or failed to show up for at least one appointment because of caregiver-
related reasons. Common caregiver-related reasons for missed appointments were a need to 
reschedule (36.1%), lack of transportation (12.2%), conflicting appointment (7.56%), and illness (4.62%). 
Of the 1,823 ROP-related visits, 179 (9.8%) missed appointments were the result of caregiver-unrelated 
reasons. The most common caregiver-unrelated reasons were physician unavailable (50.8%), system 
error (24.6%), hospitalisation (20.1%), and discharged by clinic (3.9%). Physician unavailable was defined 
as an appointment scheduled at a time when the physician was not in clinic. System error was defined 
as an incorrectly selected appointment time by the clinic staff. Protocol for patients not receiving care 
despite repeated attempts to contact and reschedule we called Child Protective Services regarding 
nine patients (4.4%). Follow-up times were longer that scheduled in all stages described. This follow-up 
duration was largely due to transportation difficulties for the patient. Distance to centre of care had 
an impact, with patients missing more caregiver-related appointments living farther away on average 
(average distance of 63.3 miles for high, 53.4 for medium miss frequency, 47.4 for low, 40.33 for non-
missed; p=0.0046 for all missed vs non-missed).

ROP: retinopathy of prematurity, QI: quality improvement, NICU: Neonatal Intensive care unit.
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Appendix E: Algorithm for Ophthalmic Observations 
Observations at each screening examination should determine the appropriate course of action. The ICROP revisited definition of zones of the retina, stage 
of disease and pre-plus should be used. 

Presence of 
ROP No Less Severe More Severe

ROP zone 
or vessel 
location

II I II or III II or III I I II or III II or III II or III II II I I A-ROP

ROP Stage - - 1 or 2 1 or 2 1 or 2 1 or 2 3 3 ANY 2 3 3 ANY ANY

Plus/ Pre-
plus disease - - None Pre-plus None Pre-plus None Pre-plus Plus Plus Plus None Plus Plus

Screening 
Frequency

Every 2 
weeks

Every 
week

Every 2 
weeks

Every 
week

Every 
week

At least 
weekly

Every 
week

At least 
weekly

At least 
weekly

At least 
weekly

Not applicable

Contact 
network 
treater

No No No No No
Yes 

(Discuss*) 
No 

Yes  
(Discuss*)   

Yes 
(Possibly 

treat**)  

Yes 
(Possibly 

treat**)  

Yes (Treat)

When to 
treat 

(if required)
48 – 72 hours Within 48 hours

When to 
discontinue
screening

If no ROP 
observed:
Vessels progressed 
to zone III or infant 
>36+0 weeks PMA

If ROP observed at any time, discontinue screening when characteristics of regression are observed on 2 successive 
examinations:
- partial resolution progressing towards complete resolution
- change in colour of the ridge from salmon pink to white
- growth of vessels through the demarcation line

Notes: Posterior Zone II (as defined by ICROP3) should be regarded as equivalent to Zone I. Plus disease should be present in 2 or more quadrants; Plus disease                    
             limited to one quadrant should be regarded as pre-plus. 
*Discuss: phone discussion with network treater (and share images if available). 
**Possibly treat: phone discussion with network treater (and share images if available) with a view to probable transfer of infant for possible treatment. 
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Appendix F: Screening Examination  
Record Form

Retinopathy of Prematurity Examination Record 

Name: 

Hospital No: 

DoB: Male/Female 

Gestational age (wks): 

Birth Weight (g):  

Previous screening? Y/N   Hospital:

Previous treatment? Y/N   Type:  
Stage 1 Stage 2 Stage 3       Stage 4/5 Laser 

Date of examination: 

Name of examiner: 

Postmenstrual age: 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Findings: 

Progression  ¨ 
Regression   ¨ 
No change    ¨ 

Follow up: 

Refer: Y/N 

Comments: 

Date of examination: 

Name of examiner: 

Postmenstrual age: 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Findings: 

Progression  ¨ 
Regression   ¨ 
No change    ¨ 

Follow up: 

Refer: Y/N 

Comments: 

R L 

R L 

Retinopathy of Prematurity Examination Record 

Name: 

Hospital No: 

DoB: Male/Female 

Gestational age (wks): 

Birth Weight (g):  

Previous screening? Y/N   Hospital:

Previous treatment? Y/N   Type:  
Stage 1 Stage 2 Stage 3       Stage 4/5 Laser 

Date of examination: 

Name of examiner: 

Postmenstrual age: 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Findings: 

Progression  ¨ 
Regression   ¨ 
No change    ¨ 

Follow up: 

Refer: Y/N 

Comments: 

Date of examination: 

Name of examiner: 

Postmenstrual age: 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Zone:  Stage: A-ROP: Y/N

Zone I/posterior zone II due to temporal 
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Findings: 

Progression  ¨ 
Regression   ¨ 
No change    ¨ 

Follow up: 

Refer: Y/N 

Comments: 

R L 

R L 
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ROP – Continuation Sheet.  Name:   Hospital No: 
 
 
Stage 1 

 

Stage 2 

 
 

Stage 3 

  

      Stage 4/5 
 

Laser 

 

Date of examination: 
 
 
Name of examiner: 
 
 
Postmenstrual age:  
 

 

 
Zone:          Stage:               A-ROP: Y/N 
 
Zone I/posterior zone II due to temporal  
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 
   

 
Zone:          Stage:        A-ROP: Y/N 
 
Zone I/posterior zone II due to temporal  
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Findings: 
 
Progression  ¨ 
Regression   ¨  
No change    ¨ 
 
Follow up:  
 
Refer: Y/N 

Comments: 

 
 
 

Date of examination: 
 
 
Name of examiner: 
 
 
Postmenstrual age:  
 

 

 
Zone:          Stage:               A-ROP: Y/N 
 
Zone I/posterior zone II due to temporal  
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 
   

 
Zone:          Stage:        A-ROP: Y/N 
 
Zone I/posterior zone II due to temporal  
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 

Findings: 
 
Progression  ¨ 
Regression   ¨  
No change    ¨ 
 
Follow up:  
 
Refer: Y/N 

Comments: 

 

R L 

R L 
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notch: Y/N      Plus: Y/N    Pre-plus: Y/N 
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No change    ¨ 
 
Follow up:  
 
Refer: Y/N 

Comments: 
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Name of examiner: 
 
 
Postmenstrual age:  
 

 

 
Zone:          Stage:               A-ROP: Y/N 
 
Zone I/posterior zone II due to temporal  
notch: Y/N      Plus: Y/N    Pre-plus: Y/N 
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Zone I/posterior zone II due to temporal  
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Appendix G: ROP Screening and  
Treatment Service Coordination 
The role of the ROP Coordinator and deputies

 The overall aim is to ensure that ROP services are fully coordinated.

  The  screening and treatment of infants for ROP requires close communication between 
neonatologists, ophthalmologists, nursing staff and parents/carers.

  A dedicated role needs to be funded to ensure that no aspects of ROP screening, treatment 
and follow-up are overlooked, including communication with the parents/carers.

  This role is usually carried out by a lead nurse with designated deputies to ensure the service 
is covered throughout the year.

  The extent of the role will depend upon the number of infants eligible for ROP screening, 
the number of neonatal units covered and whether the units are also treatment centres.

  Role Summary

• Responsible for the coordination of the ROP service delivered to all eligible infants 
including supervision of designated deputy/deputies. 

• Oversight of day-to-day management of ROP screening and treatment in accordance 
with the national ROP guidelines.

  Principle Duties and Responsibilities

  Clinical – screening

• Ensure infants admitted to the neonatal unit have been assessed for eligibility for ROP 
screening and the date of the first screening appointment has been identified. 

• Ensure first screening appointment and any subsequent examinations are recorded in 
the unit’s communication system (e.g., a diary or electronic system).

• Ensure mydriatic drops are available and prescribed prior to screening.

• If relevant, perform digital retinal imaging (e.g., using Retcam, ICON or other camera 
system) for eligible infants who are inpatients in conjunction with the Consultant 
Ophthalmologist, neonatal team and in accordance with locally approved guidelines.

• Offer support and advice to parents/carers and ensure that they are given the 
appropriate parent information leaflet explaining the procedure. 

• Discuss appointments with parents/carers and encourage them to be present if they 
wish.
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• In the unlikely event that an infant is considered too unstable, and the examination 
is postponed, ensure the reason is documented in the medical records and the 
examination rearranged in a week’s time.

• When infants are transferred or discharged before screening has started or completed, 
ensure the need to arrange screening is included in the transfer or discharge summary. 

• Ensure follow-up appointments are recorded in the medical records.

• Ensure parents/carers are informed of the arrangements.

• Be responsible for ensuring that any equipment used during ROP screening and, 
where relevant, treatment is maintained in accordance with the manufacturer’s 
recommendations.

• Be responsible for stock control (consumables and drugs) in relation to the ROP services.

  Clinical – treatments performed within the Neonatal Unit

• Coordinate arrangements for each infant as required.

• Obtain information from the screening ophthalmologist on the modality of  
treatment-required ROP and the necessary timescale for treatment.

• Schedule the treatment in liaison with the treating ophthalmologist and the neonatal 
team.

• Ensure parents/carers are informed of the arrangements and informed consent has been 
obtained. 

• Ensure all required drugs and equipment are in place on the day of the treatment.

• Ensure mydriatic drops are prescribed and available on the day of the treatment.

• Communicate with the treating ophthalmologist to confirm the timing and place of the 
treatment.

• Ensure all post-treatment aftercare is in place, and that ophthalmology follow-up has 
been scheduled.

• Ensure parents/carers are informed that the treatment has been carried out, and of 
aftercare and follow-up arrangements. 

• In liaison with the treating ophthalmologist, ensure that any prognostic information 
given to the parents/carers is clear, accurate and documented.

  Clinical – transfers for treatment outside unit

• Coordinate arrangements for the transfer of each infant requiring treatment.

• Obtain information from the screening ophthalmologist on the modality of treatment-
required ROP and the necessary timescale for treatment.

• Liaise with the treating ophthalmologist, the receiving neonatal team, and the transport 
service. 

• Ensure parents/carers are informed of the arrangements and informed consent 
obtained.

• When receiving the infant back from the treating unit, ensure all post-treatment 
aftercare is in place, and that ophthalmology follow-up is scheduled.

• Ensure parents/carers are informed of aftercare and follow-up arrangements. 



116

UK Screening of Retinopathy of Prematurity Guideline

• In liaison with the treating ophthalmologist, ensure that any prognostic information 
given to the parents/carers is clear, accurate and documented.

  Follow-up after treatment

• Liaise with the treating ophthalmologist to prepare a follow-up regimen in line with the 
treatment modality (e.g., laser 7–10 days approx. after treatment, and anti-VEGF 2–3 days 
approx. after treatment and then 2–4 weekly for six months).

  Communication

• Act as a clinical specialist advisor in relation to the ROP service.

• Promote and maintain interdepartmental communication between neonatal staff, 
ophthalmologists, and community services.

• Ensure mandatory assessments and audits are completed on time.

• Ensure parents/carers are informed about all stages of ROP screening including the 
possible need for outpatient appointments.

  Training, development, and research

• Identify learning needs and contribute to the training of deputy/deputies.

• Support other staff in developing their learning experience related to ROP. 

• Contribute to clinical governance agenda within the ROP service by participating in 
audit and research and thereby support the development of evidence-based practice.
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Appendix H: Screening Parent Information leaflet  

Screening for retinopathy  
of prematurity

Information for  
parents and carers

Royal College of 
Paediatrics and Child Health
Leading the way in Children’s Health

RCPCH

What is ROP?

ROP is a condition that affects blood vessels (which carry blood 
around the body) in a part of the eye called the retina. The retina 
is at the back of the eye – it detects light which allows us to see. 
After a very premature birth, these blood vessels can start growing 
abnormally, resulting in ROP.

The main cause of ROP is a very premature birth. Other health 
problems associated with a very premature birth may also affect 
whether your baby will develop ROP, or if it will become severe. 

In most babies, ROP is mild and will get better by itself, but for a 
small number (around one in twenty) of very premature babies, it 
may become severe. This can lead to partial or total loss of sight 
(blindness).

You have been given this leaflet because your baby was born at less than 31 
weeks of pregnancy (very premature birth) or had a birthweight under 1501 
grams and is at risk of developing retinopathy of prematurity (ROP). ROP is  
a condition which affects your baby’s eyes and can cause severe problems 
with vision.

Most babies will not develop ROP or will have a mild condition which will 
usually go away by itself. The only way to see if your baby has ROP and to 
see if it will need treating is to look at the back of their eyes with special 
equipment. This is called screening for ROP. 

This leaflet will:
• give you more information about ROP
• clarify what happens during screening, and how you can support your baby
• explain what happens after screening. 

 As well as reading this information, the medical team 
 looking after your baby will talk to you about  
 screening for ROP. You will be able to discuss any 
 questions or concerns you have with them. 

!

2
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As it is not possible to tell if your baby has ROP from looking at the 
outside of the eye, we need to regularly look at the retinas of all 
babies who are at risk of ROP to find out if it is developing. Finding 
and treating ROP before it becomes severe can reduce the risk of 
sight loss. ROP is classified by numbered stages which are shown in 
the diagram below.

What does ROP look like?

The diagrams show the stages of ROP. Mild ROP of stages 1 and 2 is 
very common and usually settles on its own. Only a small proportion of 
babies develop stage 3, which is more serious and may need treatment. 
By screening for ROP and providing treatment if needed, the most 
serious stages (4 and 5) can usually be prevented.

Retina

Blood
vessel
supply

 
 

 

Stage 1: 
Blood vessels (solid arrow) in the retina 
normally develop from the back of the eye to 
the front. In stage 1, a thin line (dashed arrow) 
is seen between the part of the retina that has 
blood vessels and the part that does not.

Stage 4: 
The disorganised blood 
vessels begin to pull the 
retina away from the wall 
of the eye (known as partial 
retinal detachment).

Stage 2: 
The thin line becomes 
more prominent.

Stage 5:
The retina has fully 
detached.

Stage 3: 
Disorganised new blood 
vessels are present.

We acknowledge Prof Rebeccah Slater and Ms Sarah Chamberlain, Paediatric Neuroimaging Group, 
Department of Paediatrics and National Perinatal Epidemiology Unit (NPEU), University of Oxford for 
providing these diagrams.

3

What is screening for ROP?

ROP screening is an eye examination that looks for signs of ROP. The 
examination is done at the cotside. A headlight and lens or a special 
camera are used so the retina can be seen. About an hour before the 
examination, eye drops will be put in each eye – this is to make the 
pupils open widely so the retinas can be seen. Instruments called a 
speculum (to hold the eyelid open) and an indentor (to roll the eye) may 
also be used to help see the retina more clearly. 

We know these eye examinations are uncomfortable for your baby and 
your baby is likely to cry and show signs of distress. Your baby’s comfort 
is important to us and there are things we can do to make your baby as 
comfortable as possible before and during screening. These may include:

• putting anaesthetic drops in their eyes to numb any pain
• swaddling your baby in a blanket to help them feel secure and calm
• giving them small amounts of milk or sugar drops.

After the procedure your baby might be more unsettled, and their eyes 
may be a bit red and puffy. This should improve within a few hours after 
the examination. Even if no ROP is found, most babies will need to be 
examined more than once.

ROP is found in 

60% 
of babies weighing
under 1501 grams

birthweight 
 

How common is ROP?

ROP is found in 60% of babies weighing 
less than 1501 grams at birth; in most of 
these babies, the ROP is only mild.

4
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What happens if my baby is too unwell 
for an eye examination?

If your baby is very unwell, senior doctors may decide to delay the 
examination. It will be rescheduled as soon as possible to make sure 
that no changes to your baby’s eyes are missed. Screening must not 
be delayed so long that ROP is missed.

What happens if ROP is found?

If ROP is found, the eyes will be re-examined one to two weeks later. 
In a small number of cases, the ROP may be severe enough to need 
treatment. If your baby needs treatment, the ophthalmologist (a 
specialist eye doctor) will explain what will happen.

The Royal College of Ophthalmologists have produced a separate 
leaflet with more information on the treatment for ROP. Copies can be 
downloaded from www.rcpch.ac.uk/ROP.

.What can I do as a parent/carer?

The nurses on the unit are experienced in getting 
babies ready for the eye examination and supporting 
them during it. They will be able to explain how they do 
this and will involve you as much as possible. 

 
If you choose to be present, you may be able to comfort 
your baby before or after the examination. Being 
present will also give you another opportunity to ask 
any questions that you may have.

5

Will screening finish before my baby goes 
home?

Your baby will be discharged as soon as they are well enough to go 
home. This might be before the first or last eye examination. If this 
is the case, staff should arrange an outpatient appointment for ROP 
screening before you take your baby home. More than one ROP 
screening appointment might be needed as an outpatient.

It is very important that you bring your baby back for 
their outpatient eye appointment if they have one.

How can ROP affect my baby’s vision?

If the ROP is mild, your baby’s eyes and vision are unlikely to 
be affected. If the ROP is more severe, problems such as short-
sightedness and a squint could develop as your baby grows older, and 
your child might need to wear glasses.

If your baby is not being seen as an outpatient in the hospital, their 
eyes and vision will be examined at routine health checks for children 
that are performed by GPs and health visitors during early childhood. 
Your child’s eyes and vision will also be checked when they start 
school.

If you have concerns about your baby’s eyesight or the presence of a 
squint, please talk to your doctor – either your GP or when your baby is 
seen for follow-up as an outpatient in the hospital.

!

6
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Where can I get more information? 

Please contact the following member of staff: 

Name................................................................. Tel...................................

Please scan this QR code to visit  
the RCPCH webpage,  
www.rcpch.ac.uk/ROP, for further  
information and for a digital copy  
of this leaflet. 

About this leaflet

This leaflet has been produced to accompany a guideline for the 
screening of ROP developed by the Royal College of Paediatrics and 
Child Health. Parents and professionals have helped to write this 
leaflet. The main guideline contains recommendations for health 
professionals informed by research evidence. The full guideline and 
further copies of this leaflet can be obtained from  
www.rcpch.ac.uk/ROP.

.

Any other questions?

If you have any further questions about 
your baby, please ask the nurses or 
doctors in charge of your baby’s care.

7
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Other sources of support

Bliss: for babies born premature 
or sick.
Bliss’s vision is for every baby 
born premature or sick to have 
the best chance of survival and 
quality of life. They offer a wide 
range of services to support 
parents and families who have 
experienced neonatal care.
Email: hello@bliss.org.uk
www.bliss.org.uk

 
RNIB (Royal National Institute of 
Blind People) Helpline
Tel: 0303 123 9999
Email: helpline@rnib.org.uk
www.rnib.org.uk/children

 

The Royal College of Paediatrics 
and Child Health
www.rcpch.ac.uk/ROP

The Royal College of 
Ophthalmologists
www.rcophth.ac.uk
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